Light sources for the excitation of resonance fluorescence in potassium and rubidium. by Atkinson, Robert J.
University of Windsor 
Scholarship at UWindsor 
Electronic Theses and Dissertations Theses, Dissertations, and Major Papers 
7-17-1964 
Light sources for the excitation of resonance fluorescence in 
potassium and rubidium. 
Robert J. Atkinson 
University of Windsor 
Follow this and additional works at: https://scholar.uwindsor.ca/etd 
Recommended Citation 
Atkinson, Robert J., "Light sources for the excitation of resonance fluorescence in potassium and 
rubidium." (1964). Electronic Theses and Dissertations. 6341. 
https://scholar.uwindsor.ca/etd/6341 
This online database contains the full-text of PhD dissertations and Masters’ theses of University of Windsor 
students from 1954 forward. These documents are made available for personal study and research purposes only, 
in accordance with the Canadian Copyright Act and the Creative Commons license—CC BY-NC-ND (Attribution, 
Non-Commercial, No Derivative Works). Under this license, works must always be attributed to the copyright holder 
(original author), cannot be used for any commercial purposes, and may not be altered. Any other use would 
require the permission of the copyright holder. Students may inquire about withdrawing their dissertation and/or 
thesis from this database. For additional inquiries, please contact the repository administrator via email 
(scholarship@uwindsor.ca) or by telephone at 519-253-3000ext. 3208. 
INFORMATION TO USERS
This manuscript has been reproduced from the microfilm master. UMI films 
the text directly from the original or copy submitted. Thus, some thesis and 
dissertation copies are in typewriter face, while others may be from any type of 
computer printer.
The quality of this reproduction is dependent upon the quality o f the 
copy submitted. Broken or indistinct print, colored or poor quality illustrations 
and photographs, print bleedthrough, substandard margins, and improper 
alignment can adversely affect reproduction.
In the unlikely event that the author did not send UMI a complete manuscript 
and there are missing pages, these will be noted. Also, if unauthorized 
copyright material had to be removed, a note will indicate the deletion.
Oversize materials (e.g., maps, drawings, charts) are reproduced by 
sectioning the original, beginning at the upper left-hand corner and continuing 
from left to right in equal sections with small overlaps.
ProQuest Information and Learning 
300 North Zeeb Road, Ann Arbor, Ml 48106-1346 USA 
800-521-0600
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIGHT SOURCES FOR THE EXCITATION OF RESONANCE FLUORESCENCE 
IN FOTASSIUM AND RUBIDIUM
by
R obert J .  A tk inson
A Thesis
Submitted to  th e  F acu lty  o f  Graduate S tud ies  th ro u g h  th e  Department 
o f  P hysics  in  F a r t i a l  F u l f i l lm e n t  o f  th e  Requirements f o r  
th e  Degree o f  Master o f  Science a t  th e  
U n iv e r s i ty  o f  Windsor.
Windsor, O n ta r io  
1964
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
UMI Number:EC52521
  ®UM I
UMI Microform EC52521 
Copyright 2007 by ProQuest Information and Learning Company. 
All rights reserved. This microform edition is protected against 
unauthorized copying under Title 17, United States Code.
ProQuest Information and Learning Company 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ri ;:J'C 5  S' 7 V
APFflOVED
L ■ i c ^ .
Dr. L. Krauoe
Dr. E. E. Habib
Dr. C. Kaasim atia
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ABSTRACT
Ths p r o p e r t i e s  o f  newly developed  p o ta ss iu m  and rub id ium  
s p e c t r a l  lamps have been s y s t e m a t i c a l ly  i n v e s t i g a t e d  i n  r e l a t i o n  to  
t h e i r  o p e ra t in g  param eters*  A com parison was made w ith  two com­
m e r c ia l ly  a v a i l a b l e  lamps* m anufactured  by Osram and V arian  Asso­
c i a t e s !  w ith  r e s p e c t  to  i n t e g r a t e d  i n t e n s i t y *  peak in t e n s i ty *  h a l f ­
width* and deg ree  of s e l f - r e v e r s a l  o f  t h e  resonance  l i n e s .  I t  was 
found t h a t  th e  r a d io f re q u e n c y  sources*  developed  i n  t h i s  la b o ra to ry *  
em it po tass ium  and rubid ium  resonance  l i n e s  o f  s i g n i f i c a n t l y  h ig h e r  
peak i n t e n s i t i e s  and s m a l le r  h a l f -w id th s  th a n  th o s e  produced by th e  
o th e r  lamps. The degree  o f  s e l f - r e v e r s a l  i n  th e  resonance  l i n e s  was 
a l s o  found to  be very  much more ad van tageous .  T y p ic a l  h a l f - w id th s  o f  th e  
re so n an ce  l i n e s  o f  po tass ium  and rub id ium  produced by th e  r a d i o f r e ­
quency source  were found t o  be 0 .1 5  cm.~^ and 0 .j57 cm.~^ r e s p e c t i v e l y ,  
compared to  t h e  co rre sp o n d in g  w idths o f  0 . J 4  cm.“ * and 1 .5  cm.'*1 r e ­
s p e c t i v e ly  e m it te d  by the  Osram lamp.
i i
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CHARTER I
INTRODUCTION
The i n v e s t i g a t i o n  o f  atomic c o l l i s i o n s  i n  g a se s ,  u t i l i z i n g  the 
phenomenon of s e n s i t i z e d  f lu o re s c e n c e ,  r e q u i re s  a p p ro p r ia te  sources  of 
l i g h t .  The types  o f  com mercially a v a i l a b l e  sou rces  were found to  bo not 
s a t i s f a c t o r y ,  mainly because th e y  tend to  produce s p e c t r a l  l i n e s  o f  ex­
c e s s iv e  b re a d th  and s e l f - r e v e r s a l .  T h e re fo re  a new rad io frequency  exc i ted  
l i g h t  source  o f  the  type d e sc r ib e d  by Gerard (1961) was developed by Chap­
man (1965) the  purpose o f  e x c i t i n g  resonance f lu o re sc e n c e  in  a l k a l i  
m e ta ls .  This lamp was found to  be s u p e r io r  to  the  s p e c t r a l  lamps manu­
f a c tu r e d  by Osram Lamp Works (Germany) f o r  the  e x c i t a t i o n  o f  resonance 
f lu o re s c e n c e  in  potassium  and rub id ium  vapours by Chapman (19 6 5 ) and Rae 
( 1 9 6 5 ) f tt very  low vapour p re s s u re s  ( l e s s  th a n  10“ ^ mm. Hg). I t  was 
f e l t  n e c e s s a ry  to  c a r ry  ou t a sy s te m a t ic  i n v e s t i g a t i o n  o f  t h i s  lamp in  
comparison w ith  the Osram lamp and w ith  a commercial rad io fre q u en cy  l i g h t  
source  manufactured by V arian A sso c ia te s  o f  C a l i f o r n ia .
S u i ta b le  sources  f o r  th e  e x c i t a t i o n  o f  resonance f lu o re sce n ce  
must emit resonance l i n e s  with a h igh  i n t e n s i t y  and a sm all h a l f -w id th .
Some sou rces  may have h igh  in t e g r a te d  i n t e n s i t i e s  but a la rg e  h a l f -w id th  
so t h a t  the i n t e n s i t y  a t  th e  c e n t re  of th e  s p e c t r a l  l i n e  i s  no t very l a rg e .  
S ev era l  f a c t o r s  may c o n t r ib u te  to  l i n e  b roaden ing . Doppler broadening 
a r i s e s  from th e  therm al m otions o f  th e  r a d i a t i n g  atom s. The frequency 
o f  th e  l i g h t  em itted  may a l s o  be p e r tu rb ed  by c o l l i s i o n s  with ne ighbouring  
atom s, e i t h e r  o f  the  3ame ty p e  o r  be longing  to  a f o r e ig n  gas . I f  ions  a re  
p re se n t  i n  l a rg e  concentrations, t h e i r  e l e c t r i c  f i e l d s  w i l l  a l so  cause 
broadening of the  em ission  l in e s  th rough  th e  S ta rk  e f f e c t .  In  a d d i t io n ,  
th e  s p e c t r a l  l i n e s  may bo s e l f - r e v o r 3 e d .  When resonance l i g h t  i s  em itted  
from a vapour lamp, i t  u s u a l ly  has to  pass th rough  a la y e r  of unexcited
1
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2atoms b e fo re  emerging t o  t h e  o u ts id e .  During t h i s  passage th e  l i g h t  i s  
abso rbed  by th e  un ex c i ted  atoms, which tend t o  abso rb  th e  c e n t re  o f  the  
resonance  l i n e s  more s t ro n g ly  th a n  th e  w ings. The s p e c t r a l  l i n e s  which 
a re  f i n a l l y  em itted  by the  lamp a r e  th u s  weakened i n  t h e i r  c e n t r e s .  I f  
they  a r e  l e s s  in t e n s e  a t  the  c e n t r e  th a n  i n  th e  wings they  a re  s a id  to  
be s e l f - r e v e r s e d .  An a d d i t io n a l  i n t e n s i t y  weakening f a c t o r ,  which a r i s e s  
i n  th e  case  o f  a l k a l i  metal vapour lamps, i s  th e  chem ica l a c t io n  of the 
vapour on th e  g la s s  envelope. The a l k a l i  vapours a t t a c k  pyrex g la s s  to  
form a n  opaque brown d e p o s i t .
In  th e  lamps which a re  commonly used  f o r  th e  p roduc tion  of 
a tom ic  s p e c t r a ,  a n  io n ic  d isch a rg o  i s  passed between two e l e c t r o d e s ,  w ith 
v a r io u s  methods being  employed to  reduce s e l f - r e v e r s a l  and a d a rken ing  of 
th e  g l a s s .  Osram lamps a r e  o f  th e  a l t e r n a t i n g  c u r r e n t  d isch a rg e  type ,  
manufactured from a l k a l i - r e s i s t a n t  g l a s s ,  and the  d is c h a rg e  s e c t i o n  i s  
p laced  i n  a vacuum envelope to  reduce conduc t ion  o f  h e a t ;  a co n s tan t  
tem pera tu re  th roughout th e  d isch a rg e  s e c t i o n  should  reduce 9e l f - r e v e r s a l .
Houtermanns ( 1952 ) d esc r ib ed  a d is c h a rg e  lamp e s p e c i a l l y  designed  
to  reduce s e l f - r e v e r s a l .  The c e n t r a l  p o r t io n  of th e  d is c h a rg e  tube i s  
f l a t t e n e d  to  a th ic k n e ss  not exceed ing  2 mm., so th e  th e  em itted  l i g h t  
does not have t o  t r a v e r s e  a th i c k  l a y e r  o f  vapour i n  emerging from the  
lamp. Ermisch and Seiw ert (1959) a t tem pted  to  U 9 e  a sodium lamp of the  
Houtermanns1 type  made o f  3o d iu m -re s i s ta n t  g la s s  b u t  were u n su ccess fu l  in  
t h a t  th e  lamps would c rack  a f t e r  a s h o r t  period  o f  u se .  This was a t t r i ­
buted to  s t r a i n s  in  th e  s o d iu m - re s i s t a n t  g la s s  which could not be p ro p e r ly  
annealed and to  la rg e  tem p era tu re  g r a d ie n ts  in  the  g la s s  when the  lamp wae 
o p e ra t in g .
C urio  and L och te-IIo ltg reven  (1927) des igned  a lamp i n  which the 
darken ing  of th e  e x i t  window was p reven ted  by p a s s in g  a stream  of i n e r t
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gaa a t  a p r e s s u re  of 3~5 mra* Hg from th e  anode, a c ro s s  the  e x i t  window, 
to  8 po in t n ea r  the ca th o d e .  The a l k a l i  vapour th e n  occupies a small 
r e g io n  near  th e  cathode. The em ission  i s  viewed i n  th e  d i r e c t i o n  of the  
d is c h a rg e  c u r r e n t  flow so t h a t  th e r e  i s  no u n e x c i te d  vapour between the  
e m i t t in g  l a y e r  and the  e x i t  window, and s o l f - r e v e r s a l  should be s l i g h t .  
Hoffman and S e iw ert  (I960 )  in v e s t ig a t e d  th e  po tass ium  resonance f l u o r e ­
scence  produced by t h i s  type  of lamp and found t h a t  i t  em it ted  l i n e s  
which were l e s s  s e l f - r e v e r s e d  bu t a l s o  c o n s id e ra b ly  l e s s  in t e n s e  than  
th o s e  produced by an Osram lamp. A d d it io n a l  d isad v an tag es  o f  t h i s  type 
o f  lamp a re  i t s  la rg e  s i z e  and th e  n e c e ssa ry  system  f o r  th e  c i r c u l a t i o n  
o f  i n e r t  g a s e s .
Hoffman and S eiw ert  a l s o  in v e s t ig a te d  th e  c a ta p h o re s is  lamp 
designed  by Druyvesteyn (1955) and found i t  t o  be s u p e r io r  to  the  Osram 
lamp i n  regard  to  deg ree  of s e l f - r e v e r s a l .  C a tap h o ro a is  c o n s i s t s  o f  a 
m ig ra t io n  o f  the  p o s i t i v e  m e t a l l i c  ions toward the  ca thode  in  a d i r e c t  
c u r r e n t  d is c h a rg e .  The window o f  th i s  lamp i s  placed on vhat s ide  of 
th e  anode which i s  remote from th e  cathode and does no t  s u f f e r  da rken ing .  
This i s  perhaps th e  b e s t  typo o f  a l k a l i  d isc h a rg e  lamp co n ta in g  i n t e r n a l  
e l e c t r o d e s .
An e l e c t r o d e l e a s  d is c h a rg e  i n  a l k a l i  vapours was used by Jack­
son  ( 1 9 2 8 ) to  d e te rm in e  the  h y p e r f in e  s t r u c t u r e  s e p a r a t io n s  i n  cesium and 
l a t e r  i n  rubidium  ( 1955)* The d isco v e ry  o f  th e  te c h n iq u e s  of o p t i c a l  
pumping c re a te d  a demand f o r  h ig h  i n t e n s i t y  sources  of n o n - s e l f - r e v e r s e d  
a l k a l i  resonance  l i n e s .  B e l l ,  Bloom, and Lynch in  1959 developed the  
ra d io f re q u e n c y  lamp manufactured by V ar ian ,  and Gerard (1962) gave the  
d e s ig n  f o r  a lamp which could be c o n s t ru c te d  in  the  l a b o ra to r y .  The l a t t e r  
lamp a l s o  had th e  advantage t h a t  the vapour p re ssu re  i n  the  d isc h a rg e  tube
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and the  rad io fre q u en cy  power su p p lied  could  be c o n t r o l l e d .  Radiofrequency 
lamps o f  th i e  type  a re  b e in g  used i n  t h i a  la b o ra to ry  f o r  the  e x c i t a t i o n  o f  
resonance  f lu o re s c e n c e  in  th e  vapours o f  po tass ium , rubidium, and cesium.
Osram s p e c t r a l  lamps, the  V ar ian  rad io fre q u en cy  lamp, and the  
new ra d io f re q u e n c y  lamp were in v e s t ig a t e d  t o  de term ine th e  l i n e  i n t e n s i t i e s  
h a l f - w id t h s ,  and degrees  of s e l f - r e v e r s a l .  When s tu d y in g  the  p r o f i l e s  o f  
s p e c t r a l  l i n e s ,  i t  i s  neceaeary  t o  use h igh  r e s o lu t i o n  te c h n iq u e s ,  and 
use was made o f  a i i i lg e r  and Watts F ab ry -F ero t  in t e r f e r o m e te r .  I t  i s  
hoped t h a t  the  r e s u l t s  o f  th i9  i n v e s t i g a t i o n  w i l l  be u s e fu l  to  workers 
in  the  f i e l d  o f  atomic resonance f lu o re s c e n c e  and r e l a t e d  e f f e c t s ,  and 
w i l l  p rovide  a s t im u lu s  to  f u r t h e r  lamp development.
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CHAPTER I I
THE SHAFES OF THE RESCHANGE 3FE0TRAL LINES Of FOTASSIUM AMD RUBIDIUM
The S t ru c tu re  of th e  Resonance Lines 
I f  th e  f r e e  atoms of a gas a r e  i r r a d i a t e d  w ith l i g h t  of a g iven  
f req u en cy ,  th e  energy absorbed may r a i s e  atoms from the  ground s t a t e  
( lo w es t  energy  le v e l )  to  th e  energy l e v e l  co rrespond ing  to  th e  in c id e n t  
l i g h t  frequency. This e x c i te d  l e v e l  i s  c a l le d  a resonance l e v e l  i f  the only 
allow ed downward t r a n s i t i o n  i s  d i r e c t l y  t o  the  ground s t a t e .  Then the  
l i g h t  em it ted  during  t h i s  t r a n s i t i o n  i s  o f  th e  same frequency  as the  
in c id e n t  l i g h t  and i s  termed resonance r a d i a t i o n ,  and th e  s p e c t r a l  l i n e s  
a r i s i n g  from such t r a n s i t i o n s  a re  c a l le d  resonance l i n e s .
The e l e c t r o n i c  ground s t a t e  o f  th e  a l k a l i  m eta ls  i s  a 23 s t a t e  
( i- -  0 )  and th e  f i r s t  e x c i te d  l e v e l  i s  a 2 f  ( X = 1 ) s t a t e .  In  both cases  
th e  p r i n c i p a l  quantum number, n ,  i s  the  same. The doub le t s t r u c t u r e  a r i s e s  
from th e  s p l i t t i n g  o f  th e  P le v e l  in t o  two l e v e l s  w ith s p in  and o r b i t a l  
an g u la r  momentum v e c to r s  p a r a l l e l  ( I f  s :  1 + |  ■ Jr) o r  a n t i p a r a l l e l  
(X +  3 = 1 -  tjf “  X ). S ince  an atom can decay from the  ZPi/x and 
le v e l s  on ly  to  the  ground s t a t e ,  th e y  a re  by d e f i n i t i o n  resonance  l e v e l s .
In  s p e c t ro s c o p ic  n o ta t io n  th e  t r a n s i t i o n s  between the  ground s t a t e  and 
th e  two e x c i te d  le v e l s  a re  re p re s e n te d  by:
^2  l i n e :  n M  n P yz
l i n e :  n  f-> n 2F ^
Each of th e  resonance s p e c t r a l  l i n e s  possesses  s e v e r a l  components 
c a l le d  the  h y p e rf in e  s t r u c t u r e  components, which a r i s e  i n  two ways. F i r s t ,  
i f  th e re  a re  s e v e ra l  i s o to p e s  of the  element p r e s e n t ,  t h e i r  d i f f e r e n t  
n u c le a r  masses and d i s t r i b u t i o n s  of charge  cause th e  resonance f re q u e n c ie s  
to  be s l i g h t l y  s h i f te d  w ith  reBpect to  one a n o th e r .  This g iv e s  th e  ap -
5
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pearance o f  a h y p e r f in e  s t r u c t u r e .  Secondly , th e  n u c le a r  s p in  an g u la r  
momentum v e c to r  I  coup les  w ith  the  t o t a l  e l e c t r o n i c  an g u la r  momentum 
v e c to r  ?  t o  form  a s e t  o f  h y p e r f in e  s t r u c t u r e  l e v e l s  w ith  quantum
number F g iv e n  by F * I  + J ,  I  + J -  l ,  I  + J  -  2 ,  -  -   ------ | l - j | .
There a r e  21 + 1 o r  2 J  + 1 v a lu e s  o f  F, w hichever i s  s m a l le r .  Tran­
s i t i o n s  between th e s e  l e v e l s  a r e  governed by the  s e l e c t i o n  r u l e  AF - ^ 1 ,  0 
(F ■ O t4  0 )  i n  c o n ju n c t io n  w ith  th e  u s u a l  s e l e c t i o n  r u l e s  f o r  Ji and J:
A i «  1 1 ,  A J  -  " t l ,  0 . The e n e rg ie s  of these  l e v e l s  a r e  g iv e n  by:
% * EJ + |  *  1) -  1(1 + 1) -  J(J + 1)] (1)
where E j  i s  th e  energy  o f  th e  o r i g i n a l  l e v e l ,  A i s  c a l le d  th e  i n t e r v a l  
f a c t o r  f o r  h y p e r f in e  s t r u c t u r e ,  and F, I ,  and J  a r e  quantum numbers. The 
energy i n t e r v a l s  beween th e  l e v e l s  w i th in  a h y p e r f in e  s t r u c t u r e  m u l t i p l e t  
a r e  governed by th e  i n t e r v a l  r u l e  and a r e  i n  th e  r a t i o  ( I  + J ) s ( l  * J  -  1 ) :
( l + J - 2 ) - -  ---- . The h y p e r f in e  s t r u c t u r e  te rm  diagrams o f  the
and ^ P ^ e n e r g y  l e v e l s  o f  K39, Rb8^ and Rb6^ a r e  g iv e n  in  F igures  
( 1 ) j  (3)» Qnd (5 ) .  The h y p e rf in e  s t r u c t u r e s  o f  t h e  resonance  l in e s  
which a r i s e  from th e  o p t i c a l l y  allow ed t r a n s i t i o n s  and t h e i r  r e l a t i v e  
i n t e n s i t i e s  a r e  shown in  F ig u res  ( 2 ) ,  ( 4 ) ,  and ( 6 ) .  The energy s p l i t t i n g  
of th e  ground s t a t e  i s  an o rd e r  o f  magnitude l a r g e r  th a n  th a t  o f  th e  P 
s t a t e s .  The i n t e n s i t y  r a t i o s  of th e  components o f  each resonance  l i n e  
due to  th e  ground s t a t e  s p l i t t i n g  depend only on t h e  n u c le a r  s p in  
quantum number 1* s in c e  th e  i n t e n s i t y  r a t i o s  should be equal t o  the 
r a t i o  o f  th e  s t a t i s t i c a l  w eigh ts  o f  th e  h y p e r f in e  s t r u c t u r e  le v e l s  of 
th e  ground s t a t e .  The s t a t i s t i c a l  w eigh ts  a r e  2F + 1, and t h e i r  r a t i o  
i s ,  f o r  J  = g-, ^ ~tL- - . This  e x p re s s io n  has  the  v a lu e  f o r  K39 and Rb8 *7
1 5z o-c
which have I  = and has th e  value L  i n  the  cose o f  Rb which has
I  = 2 .
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C a lc u la t io n s  o f  I n t e n s i t y  P r o f i l e s  of S p e c t ra l  Linea
The i n t e n s i t y  d i s t r i b u t i o n  o f  em itted  r a d i a t i o n  may be derived
t h e o r e t i c a l l y  assuming v a r io u s  b roaden ing  e f f e c t s .  The resonance d i s ­
t r i b u t i o n  a r i s e s  from th e  p r o p e r t i e s  o f  the  atom ic energy l e v e l s  them­
s e l v e s .  I t s  shape may be p reserved  u n d e r  o th e r  ty p e s  o f  b ro ad en in g ,  such 
a s  c o l l i s i o n  b road en in g ,  th e  only e f f e c t  being an  in c re a s e  i n  -width.
The Doppler d i s t r i b u t i o n  a r i s e s  from th e  apparen t  change in  f requency  
o f  r a d i a t i o n  em itted  by moving atom s.
( i )  Resonance D i s t r i b u t i o n  of F requenc ies
On th e  c l a s s i c a l  model, e x c i t a t i o n  o f  a n  atom occurs  when the 
atom  re c e iv e s  an  im pulse t h a t  d i s p l a c e s  one o r  more e l e c t r o n s  from t h e i r  
e q u i l ib r iu m  p o s i t i o n s .  A d isp la c e d  e l e c t r o n  o s c i l l a t e s  and r a d i a t e s  
acc o rd in g  t o  th e  laws o f  d ip o le  r a d i a t i o n .  The r a d i a t i o n  r e p r e s e n t s  a 
l o s s  o f  energy  and th e  e l e c t r o n  ex e c u te s  a damped v i b r a t i o n .  The 
o s c i l l a t i n g  e l e c t r o n  i s  s u b je c t  to  an  e l a s t i c  r e s t o r i n g  f o r c e ,  and to  a 
r a d i a t i o n  r e a c t i o n  f o r c e  a c t i n g  when th e  a c c e l e r a t i o n  i s  changing . Be­
cause o f  th e  damping o f  th e  m otion , th e  t o t a l  r a d ia te d  power d ec re ase s  
e x p o n e n t i a l ly ,  w ith  a tim e c o n s ta n t  o f  th e  o rd e r  o f  10~® seconds , which 
i s  c a l l e d  th e  average l i f e t i m e  o f  th e  e x c i te d  s t a t e  o f  th e  atom. The 
shape o f  th e  s p e c t r a l  l i n e  is  found by a F o u r ie r  a n a ly s i s  of th e  d i s t r i ­
b u t io n  o f  ra d ia te d  f lu x  d e n s i ty  over  th e  f req u en cy  range .  The resonance 
d i s t r i b u t i o n  f u n c t io n  i s  g iven  by:
where A v ^ ,  th e  co r resp o n d in g  h a l f - w id t h  o f  th e  s p e c t r a l  l in e ,  i s  g iven  by
A v>r
(2 )  (Stone ,  1965 )
= 1.19  x 10“^  K, cm.“* (5)
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In  quantum mechanics t h e  n a t u r a l  l i n e  width  a r i s e s  from th e
f a c t  t h a t  each o f  th e  two energy  le v e l s  E^ and E d  between which th e
t r a n s i t i o n  o c c u rs ,  has a email u n c e r t a in ty  i n  i t s  en e rg y ,  AE,.and AE,,
r e s p e c t iv e l y .  A ccording to  th e  theo ry  o f  Weisskopf and Wigner (1950),
th e  i n t e n s i t y  d i s t r i b u t i o n  w i th in  the  l i n e  ia  then  g iv en  by:
F M ) « A _____________________   <*)
where ia  the  c e n t r a l  frequency  o f  th e  l i n e :  , Thi9
i n t e n s i t y  d i s t r i b u t i o n  has th e  same form as the  c l a s s i c a l  one, but the
h a l f -w id th  i s  th e  sum o f  th e  f requency  u n c e r t a i n t i e s  co rrespond ing  to
th e  u n c e r t a i n t i e s  i n  th e  energy l e v e l s :
a,> -  AEi , AEx _ I . I , _ x
*— h f  h '  I t F A t i + l W X q O )
u s in g  AEA-fc^-h. i n  t h i s  c a se  At, i s  th e  l i f e t i m e  o f  th e  le v e l  of
energy  E, a g a in s t  a l l  spontaneous t r a n s i t i o n s  to  low er l e v e l s  of energy
E k . The r e c i p r o c a l  o f  the l i f e t i m e  of an  energy le v e l  i s  the  E in s t e in
A c o e f f i c i e n t ,  d e f in e d  as  th e  p r o b a b i l i t y  per second th a t  a t r a n s i t i o n
w i l l  occur from E, to  EK. S u b s t i t u t i n g  f o r  £ T ,  we have f o r  le v e l  1:
AE, - 1 ( B r t ,i * f  ^
h 2iy ,k ' y  ( }
where f ,^  i s  c a l l e d  th e  o s c i l l a t o r  s t r e n g t h  co rrespond ing  to  a t r a n s i t i o n  
from E, to  E«.  A s i m i l a r  e x p re s s io n  h o ld s  f o r  a l l  t r a n s i t i o n s  from the 
l e v e l  w ith  energy E x to  a l l  lower l e v e l s  w ith  energy  E ^ . Thus
r  i r h  + (7 )
I f  the  s p e c t r a l  l i n e  be ing  co n s id e red  i s  a resonance l i n e ,  the  lower 
s t a t e  has no downward t r a n s i t i o n s ,  and so f .k " 0 ,  and This mayUv
a l s o  be seen  from th e  f a c t  t h a t  th e  ground s t a t e  has i n f i n i t e  l i f e t i m e  
and thus  no u n c e r t a i n t y  i n  energy .  The e x p r e s s io n  f o r  the  h a l f - w id t h  of  
th e  l i n e  reduces t o :  ^
A », ■ Vi, . (8 )
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12( i i )  Doppler  D i s t r i b u t i o n  of  Frequencies ( th e  Gaussian  D i s t r i b u t i o n )
I f  an atom emits  a l i g h t  wave o f  a c t u a l  f r e q u e n c y a n d  a l so  
haa a component o f  v e l o c i t y ,  v ,  a long  the  d i r e c t i o n  o f  o b s e rv a t io n ,  the 
appa re n t  frequency as seen by th e  observer  i s  g iven  by*
When a l a rg e  number of  atoms o f  mass M a r e  i n  thermal e q u i l i b r i u m  a t  an 
a b s o l u t e  t e m pera tu re  T, t h e  p r o b a b i l i t y  F(v)  t h a t  a t  a given  t ime any one 
atom has  a v e l o c i t y  along  a g iven  d i r e c t i o n  i n  th e  range v to  v + dv,  i s :
p(,) = ( a * )*  " p [- S f] • <10>
where k i s  the  Boltzmann c o n s t a n t .  The Doppler  d i s t r i b u t i o n  o f  frequencies  
i s  ob ta ined  by s u b s t i t u t i n g  i n  the above e q u a t io n  the  e x p re s s io n  f o r  the  
v e l o c i t y  ob ta ined  from Equat ion  (9 ) :
po(v>- (aa) « p [- at? P <n >
This e q u a t io n  d e s c r ib e s  t h e  p r o f i l e  o f  a s p e c t r a l  l i n e  whose h a l f - w i d t h  i s
AVJ°  = 2 [ j p . i n  2 ] * V ,  cm."1
= 7.1  x l < r 7 J T  &  c m . ' 1, (12)
where M i s  i n  atomic mass u n i t s .
( i i i )  Loren tz  C o l l i s i o n  Broadening Theory
This  the o ry ,  developed main ly  by Loren tz  (1906) ,  i s  based on 
the a ssumpt ion  t h a t  an  atom r a d i a t e s  c o n t in u a l l y  dur ing  th e  time between 
two c o l l i s i o n s  with o t h e r  atoms,  and t h a t  each c o l l i s i o n  s to p s  the 
r a d i a t i o n  process  com ple te ly ,  the energy  of  v i b r a t i o n  be ing  conver ted  
i n t o  k i n e t i c  energy .  I f  T i s  the  time between c o l l i s i o n s ,  the emission 
c o n s i s t s  of  a s e r i e s  of wave t r a i n s  of  f i n i t e  leng th  cT. A F o u r ie r  
a n a l y s i s  of t h i s  type of  em iss ion  y i e l d s  the Loren tz  formula f o r  the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
i n t e n s i t y  d i s t r i b u t i o n :
p (l)) at —L_ ----------------------------  (15)
^  J 2 i r  t.v'-v'oj1 +  K
This d i s t r i b u t i o n  has the  same form as t h e  n a t u r a l  s p e c t r a l  l i n e ,  and
has a h a l f - w i d t h  g iv e n  by:
^ V*-t  n ' t  (14)
where T  i s  the mean t ime between c o l l i s i o n s .  I t  can by shown t h a t  the 
h a l f - w i d t h  of  a l i n e  broadened by n a t u r a l  damping and Lorentz  or  c o l l i s i o n  
b roaden ing  i s  the  sura of  the  h a l f - w i d t h s  due to  t h e  two s e p a ra t e  e f f e c t s .  
The q u a n t i t y  i s  th e  number of  c o l l i s i o n s  per  second,  which i s  known
from gas k i n e t i c  t h e o ry  t o  be nr^2 vn,  where yo i s  known as  t h e  o p t i c a l  
c o l l i s i o n  d ia m e te r ,  which i s  th e  average d i s t a n c e  between the  c e n t r e s  o f  
two c o l l i d i n g  atoms a t  which r a d i a t i o n  s t o p s ,  v i s  the average  c o l l i d i n g  
v e l o c i t y  o f  th e  atoms, and n i s  th e  volume d en s i ty  of  atoms. The h a l f ­
w id th  o f  th e  s p e c t r a l  l i n e  the n  becomes:
= f  v n (15)
The k i n e t i c  t h e o ry  of  gases  y ie ld s
’  = J W ’  i m  ^ i o k ( i 6 )
where yw i s  t h e  reduced mass of the  c o l l i d i n g  atoms.  From th e  i d e a l  gas 
law i t  may be shown t h a t
n = 9 .64  x 10*^ — atoms
T cc. (17)
S u b s t i t u t i o n  of  these  v a lu es  i n t o  Equa t ion  ( 15 ) y i e l d s
AVU = 4.70  x 1012 cm<_1 (16)
This d e r i v a t i o n  makes no assumptions  r e g a r d i n g  the f o r c e  law between the  
c o l l i d i n g  p a r t i c l e s .  However th e  ranges o f  the v a r io u s  f o r c e s  invo lved  
a r e  r e f l e c t e d  i n  t h e  magnitudes of  the  o p t i c a l  c o l l i s i o n  d ia m e te r s .  The 
p e r t u r b i n g  fo r c e s  between l i k e  p a r t i c l e s  a r e  much g r e a t e r  than  th o s e  be­
tween u n l i k e  atoms,  and so th e  c o l l i s i o n  d iamete rs  f o r  s e l f - p r e s s u r e
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broaden ing  a re  l a r g e r  than  th o s e  f o r  p r e s s u r e  of  f o r e i g n  g a s e s .  The 
o p t i c a l  c o l l i s i o n  d ia mete rs  f o r  broaden ing  of  the  resonance  l i n e s  o f  the 
a l k a l i  metal9 have been de termined  e x p e r i m e n t a l l y  and a re  g iv e n  i n  Table ( l ) »  
In  the case o f  broadening  by f o r e i g n  gases ,  t h e  coup l ing  be­
tween atoms i s  c h i e f l y  due to  f o r c e B  o f  the  van de r  tfaals ty p e .  London 
(1930)  gave quantum mechanical  fo rmulae  f o r  t h e  a d d i t i o n a l  e n e rg i e s  of  the  
e x c i t e d  and t h e  ground l e v e l s  o f  t h e  r a d i a t i n g  atom due to  f o r e i g n  gas
p e r t u r b e r s .  The p e r t u r b a t i o n  energy  v a r i e s  aa — wher e r  i s  the d i s t a n c e
r
between the  two atoms,  and the change i n  t h e  frequency emit ted i s  g iven  by:
= b Z 7 T  b *  10" 21 CI"*5 C1? )
L *■
Weisskopf (1952) def ined  th e  o p t i c a l  c o l l i s i o n  d ia m e te r  aa the  d i s t a n c e  o f  
s e p a r a t i o n  between two atoms a t  which the  phase o f  th e  r a d i a t i o n  has  under­
gone a change o f  about  1 r a d i a n ,  and o b ta in s  a h a l f - w id t h
6 \> -  2 . 2  b ^ v ^ n  cmT1 (20)
The resonance  p e r t u r b a t i o n  e n e r g i e s  between l i k e  atoms a r i s e  
from t h e  exchange o f  e x c i t a t i o n  energy ( l i g h t  quantum) between one ano ther
w i th o u t  accompanying r a d iB t i o n ,  and vary  as  —i —, Thi9 p o s s i b i l i t y  o f  the
r
t r a n s f e r  o f  e x c i t a t i o n  qnergy reduces  th e  l i f e t i m e  o f  the e x c i t e d  s t a t e ,  
and from the  u n c e r t a i n t y  p r i n c i p l e ,  any  r e d u c t i o n  i n  l i f e t i m e  corresponds  
t o  a n  i n c r e a s e  i n  the u n c e r t a i n t y  o f  t h e  energy and a b roadening  of  the  
l i n e  em i t t e d .  The change i n  f requency  em it ted  i s
. I I H 6  l  # I
V> = 7 - 3 - 7  —  (21)o fr m r
I n  t h i s  ca se ,  Weisskopf o b ta in s
^  = — g-J l fc. n c m ' 1 (22)
2 rr m v>c
Wei93kopf*3 formulae  show the  same l i n e a r  v a r i a t i o n  with  n as the  Loren tz 
fo rmula ,  which ha9 been widely v e r i f i e d  e x p e r im e n ta l ly ,  and a l s o  y i e ld  
o p t i c a l  c o l l i s i o n  d ia m e te r s  i n  agreement with the exper im en ta l  v a lu e s .
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( i v ) S t a r k  Broadening
In  t h i s  case the  p e r tu rb in g  atoms c a r r y  permanent e l e c t r i c  
f i e l d s  which may be due to  i o n s ,  d i p o l e s ,  o r  m u l t i p o l e s .  The l a r g e s t  
f i e l d s  a r e  produced by io n s .  Holtsmark (1919) c a l c u l a t e d  the  s p e c t r a l  
l i n e  width  produced by a broadening o f  the energy  l e v e l s  through  the 
S ta rk  e f f e c t .  This  the o ry  i s  based on the  d e t e r m in a t io n  o f  a p r o b a b i l i t y  
f u n c t i o n  f o r  t h e  e x i s t e n c e  of  a p a r t i c u l a r  f i e l d  a t  the e m i t t e r .  The 
i n t e n s i t y  d i s t r i b u t i o n  o f  r a d i a t i o n  i a  g iven  by
F<-(v) = / o Ps (E,  9 )  W(E) dE (2 J )
where P (E,v>) ia  the  i n t e n s i t y  d i s t r i b u t i o n  i n  a l i n e  broadened by the 
f i e l d  E, and W(E) ia  the  f i e l d  s t r e n g t h  p r o b a b i l i t y  f u n c t i o n .  The 
ex p re s s io n s  W(e ) a r e  found to  be i n f i n i t e  s e r i e s  or  i n t e g r a l s  which 
must be eva lua te d  n u m e r i c a l ly .  For broadening by d i p o l e s ,  the i n t e n s i t y  
d i s t r i b u t i o n  i s  of  th e  resonance form, w i th  a h a l f - w i d t h  p r o p o r t i o n a l  to  
th e  d i p o l e  moment and to  th e  volume d e n s i t y  of  the  p e r t u r b e r s .  In  the  
ca se  of  b roadening  by ions th e  i n t e n s i t y  d i s t r i b u t i o n  i s  an i n t e g r a l  
f u n c t i o n ,  but  i t  i s  very n e a r l y  of the  Qauas ian  shape,  as  in d i c a t e d  by 
comparison of  th e  l i n e  p r o f i l e s  g iven  i n  Figure (7)» The h a l f - w i d t h  f o r  
broadening  by ions i s  g iven  by
= C e nZ/s (24) 
where C i s  a c o n s t a n t ,  e i9 th e  ion ic  cha rge ,  and n i s  the  volume d e n s i ty  
of  i o n s .  This e x p re s s io n  has been v e r i f i e d  e x p e r im en ta l ly .  (See the 
review by Margenau and Watson, 195^)
Tablo (2 )  giveB a summary of  t h e  sourcos of  l in e  broadening of 
t h e  potassium and rubidium resonance l i n e s .
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Table ( l )  O p t i c a l  C o l l i s i o n  Diameters
Typo of 
C o l l i s i o n
O ptica l
C o l l i s i o n
Diameter
Source
K -  K 
K -  A 
Rb -  Rb 
Rb -  A
200 8
14.48 
200 8
15.48
Lloyd and Hughes, 1957 
Hul l ,  1956 
Ch'en,  1940 
Ch 'en ,  1940
Resonance
Gaussian
Figure  (7a)  Comparison of Resonance and Gaussian D i s t r i b u t i o n s
Dipole (Resonance)
Ionic
Figure  (7b) Comparison o f  S ta rk  Theory Line Shapes.
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Table  (2)  C a lc u la t e d  Values of  I lalf-widthB of Fotassium and Rubidium
Resonance Lines
H a lf -w id ths  i n  crn.- -^
Cause of  Broadening 7665 A 
Line (K)
7699 A 
Line (K)
7800 A 
Line (Rb)
7948 a 
Line  (Rb)
N a tu ra l  Line Width O.OI56OO O.OI56OO 0 .22800 0.22799
Doppler  Broadening a t  250°C 0.0495 0.0491 0.2499 0.2504
C o l l i s i o n  w i th  Argon a t  a 
F ressu re  o f  2 mm. Hg 0.0194 0.0175 O.2565 0 .2292
C o l l i s i o n s  w i th  Like Atoms 
a t  1 mm. Hg pressure 0 .287 0 .205 0 .5 0 0 O.555
a t  0 .5  Hg pressure 0 .154 0.109 0.410 0 .2 9 0
a t  0 .1  mm. Hg- p ressu re 0.0485 0.0542 0 .540 0 .240
a t  0 .01  mm. Hg p re s su re 0.0245 0.0175 0 .524 0 .2 2 9
The components of  each l i n e  due t o  ground s t a t e  s p l i t t i n g  a r e  
c o n s id e re d  aa being broadened s e p a r a t e l y .  Thus th e  h a l f - w i d t h s  a r e  the 
com bina t ion  o f  t h e  h a l f - w id t h  o f  each h y p e r f in e  component and th e  ground s t a t e
s p l i t t i n g ,  which i s  0.0154 cm.- * i n  the  case of  po tassium and 0 .2 2 7 8  cm.- ^
in  th e  case o f  rubid ium.
The broadening by a rg o n  i s  g r e a t e r  by a f a c t o r  o f  1.12  f o r  the
s h o r t  wavelength component. (Oh 'en ,  1957 )
Foley (1946) has c a l c u l a t e d  th e  quantum mechanical  resonance  
i n t e r a c t i o n  between th e  d egene ra te  s u b - l e v e l s  of  an  e x c i t e d  energy l e v e l  
w i th  those  of  a l i k e  atom, and has found t h a t  the s h o r t  wavelength 
component should have a h a l f - w i d t h  g r e a t e r  by a f a c t o r  of  <[T under s e l f ­
p r e s s u r e  b roaden ing ,  which has been v e r i f i e d  e x p e r im e n ta l ly  by th e  workers 
r e f e r r e d  t o  i n  Table ( l ) .
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The Theory of  a e l f - A b s o r p t l o n
Let us cons ide r  o s p e c t r a l  l i n e  w i th  f requency  Vo a t  the  c e n t r e  
and I n t e n s i t y  d i s t r i b u t i o n  I  W ) ,  and l e t  t h e  r a d i a t i o n  be propagated 
wi th  v e l o c i t y  c i n  the +X d i r e c t i o n .  Then the  i n t e n s i t y  absorbed per 
u n i t  d i s t a n c e  dx w i l l  be p r o p o r t i o n a l  to  th e  i n i t i a l  i n t e n s i t y  d i s t r i b u ­
t i o n ,  and t o  t h e  p r o f i l e  o f  the a b s o r p t i o n  l i n e ,  ^ ( v 1).
^  (=5)
The c o n s ta n t  of  p r o p o r t i o n a l i t y ,  k,  i s  eva lua te d  by c o n s id e r in g  the 
a b s o r p t i o n  from a cont inuous  spectrum where the  energy of r a d i a t i o n  
per  u n i t  volume, p ,  i s  independent  o f  th e  f requency  I n  t h i s  ca9e
t h e  r a t e  of  energy  a b s o r p t i o n  i s :
dE _  ,
a ?  -  - k 0 j j ” d^ | = ~ k c f
The above i s  v a l i d  i f  F^Cv) i s  normal ized  w i th  r e s p e c t  t o  f requency
so t h a t  I F„(vl) dP = 1. A l t e r n a t i v e l y ,  the  r a t e  of  a b s o r p t i o n  may be / o
'00  
'O
w r i t t e n  as
= n , ( x ) B p  hi»c (27)
which i s  t h e  product  o f  t h e  r a t e  of  occurence  o f  the  a b s o r p t i v e  t r a n ­
s i t i o n s ,  n ^ x )  B f> , and th e  energy absorbed per t r a n s i t i o n ,  hv{,. n ^ x )  
i s  th e  volume d e n s i ty  o f  atoms capab le  of  a b s o r p t i o n  and B i s  th e  E i n s t e i n  
a b s o r p t i o n  c o e f f i c i e n t ,  t h e  p r o b a b i l i t y  t h a t  an atom w i l l  undergo an 
a b s o r p t i v e  t r a n s i t i o n  per  second.  Equa ting (26) and (27 ) ,
_ n<«.(x) B h y 0 
k "  c (28)
S u b s t i t u t i o n  i n  Equa t ion  ( 2 5 ) y i e l d s
= -  h »  ■»„-<«> f> . )  a ,  . (29 )
I f  t h e  l i g h t  i s  em i t t ed  from a small  volume a t  x0 , the  i n t e n s i t y  a t  the 
po in t  x ia  found by i n t e g r a t i n g  over x from x0 t o  x:
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I 0Fb ( vj xo ) i-B the  i n t e n s i t y  d i s t r i b u t i o n  a t  x0 , where th e  l i g h t  has not 
passed th rough any abso rb ing  l a y e r s .  I 0 ia  t h e  peak i n t e n i t y  of  the un -  
absorbed l i n e  and Fe (v* x0 ) i s  th e  i n t e n s i t y  p r o f i l e  o f  the  emit ted r a d i a ­
t i o n .  In  p r a c t i c a l l y  a l l  cases  the  em iss ion  and a b s o r p t i o n  p r o f i l e s  have 
the  same shape.  I n  t h i s  case ,
p i a  termed t h e  a b s o r p t i o n  param ete r .  Equat ion  (52)  g ives  t h e  e f f e c t  o f  
a b s o r p t i o n  on th e  i n t e n s i t y  I Q emit ted  w i t h i n  an  element of  volume a t  x 0 . 
I t  i s  n e c e ss a ry  to  f u r t h e r  i n t e g r a t e  i t  over the  d e n s i t y  of  e m i t t i n g  atoms
I t  may be seen  t h a t  t h e  shape  and i n t e n s i t y  o f  a s p e c t r a l  l i n e  emerging
from a vapour source  depend on t h r e e  f a c t o r s :
( i )  the  d i s t r i b u t i o n  f u n c t i o n  F(v) which r e p r e s e n t s  the  l i n e  
shape f o r  n e g l i g i b l e  a b s o rp t io n ,
( i i )  t h e  a b s o r p t i o n  parameter  p which ia  a f u n c t i o n  of  the
amount of abso rb ing  vapour t h a t  t h e  l i g h t  has to  t r a v e r s e  and the p r o b a b i l i t y
of a b s o r p t i o n ,
Dieke ,  19^8 ) t h a t ; i f  the d e n s i t i e s  of  e m i t t i n g  and abso rb ing  atoms are 
co n s ta n t  th roughout the source,  s e l f - r e v e r s a l  is  not p o s s i b l e .  I f  the re
where
a c ro s s  t h e  sou rce ,  n ^ (x ) :
( i i i )  t h e  d e n s i t i e s  of  e m i t t i n g  and abso rb ing  atoms.
I f  s e l f - r e v e r s a l  i s  p r e s e n t  l(v>) w i l l  have two maxima, which 
a re  found by d i f f e r e n t i a t i n g  e q u a t io n  (5^0* I t  may be shown (Cowan and
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i s  a maximum i n  t h e  d e n s i t y  of  exc i ted  atoms a t  some p o i n t ,  I(v’ ) has 
maxima when the fo l low ing  c o n d i t i o n  i s  s a t i s f i e d :
» ! & }  *  1 (55)
The i n t e n s i t y  a t  the  c e n t r e  of  the  s p e c t r a l  l i n e  i s ,  from Equation  (5 ^ ) ,
I(Hj) s  I 0 F(Kb) ^n«i(x)  dx e"P.  ( 5 6 )
The i n t e n s i t i e s  of  the  two maxima a re  ob ta ined  by s u b s t i t u t i n g  Equat ion
(55)  in to  Equat ion  ( jA):
^max = Io f  n & ( x )  dx (57)
P J
Then ^max _ e~ l  1 a e?~"^
P
which i s  independent  of  the  form of F(t>), and a l low s  the  value o f  p t o  be
de termined e x p e r im e n ta l ly .  S e l f - r e v e r s a l  occurs f o r  p g r e a t e r  than  1.
S u b s t i t u t i o n  o f  t h e  Gaussian d i s t r i b u t i o n ,  Equat ion  (1 1 ) ,  in to
e q u a t io n  (55) y i e l d s ;  ^
. ( R ). -  In p .. _ ln  j .  .
(Av’d) "  i n  2 "  0.695 ^ 9 )
where $\> i s  the  s e p a r a t i o n  of  the  s e l f - r e v e r s a l  maxima. . I f  the  width  of
t h e  unabsorbed l i n e ,  A v', does not change as  the  a b s o r p t i o n  i n c r e a s e s ,  a
p lo t  of  (Sv1) vs .  p w i l l  have t h e  3arae shape as  a lo g a r i th m ic  curve of  the  
2.
form ($v>) * ( c o n s t . )  x In p.
S im i la r  s u b s t i t u t i o n  of  the resonance  d i s t r i b u t i o n ,  Equation
( 2 ) ,  y i e l d s
LS21
2.
(avfc)5
= P -  1 . (Ao)
I f  the resonance  h a l f - w i d t h  remains co n s ta n t  as  t h e  l i n e  i s  absorbed ,
th e n  a p lo t  o f  (^V1) vs .  p w i l l  be l i n e a r .
I t  i s  seen t h a t ,  f o r  e i t h e r  d i s t r i b u t i o n ,  the s e p a r a t i o n  of
the  r e v e r s a l  peaks equa ls  the o r i g i n a l  h a l f - w id t h  when p = 2. Then from
Equat ion  (5 8 )* = 1*56, or  the i n t e n s i t y  of  the  c e n t r a l  minimum i s
I Wo)
75 .5 $  of  the  i n t e n s i t y  of  the peaks.
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Using Equat ion  ( 5 2 ) ,  the fo l l o w i n g  t a b l e  may be c o n s t r u c t e d ,  
g iv i n g  the  r e d u c t i o n  i n  th e  i n t e n s i t y  a t  th e  ce n t r e  o f  a s p e c t r a l  l i n e  
under  vary ing  degrees  o f  a b s o r p t i o n .
Table ( j )  R e l a t i v e  I n t e n s i t i e s  o f  S p e c t r a l  Lines a s  S e l f - a b s o r p t i o n
I n c r e a s e s
A bsorp t ion
Rarameter
P
I(vi) Imax
i t e )
I  (Wo) 
*max
0 1 .0
0 .5 0.607
1 .0 0 .5 6 8
1.5 0 .2 2 5 1 .1 0 91 .0 $
2 .0 0 .1 5 5 1 .5 6 75 .5 ^
2 .5 0.081 1 .7 8 56 . 0%
These v a l u e s  do no t  take  i n t o  account  the  number of  e m i t t in g  
atoms.  In  an a c t u a l  sou rce ,  the  emiss ion  w i l l  i n c r e a s e  with the  a b s o r p t i o n  
and th e  c e n t r e  o f  the  l i n e  w i l l  not d e c r e a se  in  i n t e n s i t y  as r a p i d l y  as  the 
above t a b l e  i n d i c a t e s .
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CHAPTER I I I  
THE THEQHY OF THE FABRY-FEROT INTERFEROMETER
This i n t e r f e r o m t e r  waa developed by Fabry and Forot  i n  1897.
I t  c o n s i s t s  of  a p a i r  o f  p la n e  p a r a l l e l  p l a t e s  coated  w i th  a p a r t i a l l y  
t r a n s p a r e n t  l a y e r  of  a h i g h l y  r e f l e c t i n g  meta l .  Fr inges  a r e  produced 
i n  the  t r a n s m i t t e d  l i g h t  a f t e r  m u l t i p l e  r e f l e c t i o n s  i n  th e  a i r  f i l m  be­
tween th e  p l a t e 3 .  The t r a n s m i t t e d  i n t e n s i t y  i s  g iven  by A i r y ' s  formula :
T 2" I
t  1 -  2 R c o s S  + R 4  }
where R and T a r e  the f r a c t i o n s  of  i n t e n s i t y  r e f l e c t e d  and t r a n s m i t t e d ,  
r e s p e c t i v e l y ,  I 0 i s  the  i n t e n s i t y  o f  th e  in c id e n t  beam, and S i s  th e  phase 
s h i f t  between s u c c e s s iv e  r e f l e c t e d  beams. The i n t e n s i t y  i s  a maximum 
when cos S ■ 1,  or  6 » 2ntY. In  terms o f  th e  wavelength ,  X , o f  t h e  l i g h t ,  
and the  d i s t a n c e ,  t ,  between the  r e f l e c t i n g  s u r f a c e s ,  a t r a n s m i t t e d  i n ­
t e n s i t y  maximum occurs whenever
nA -  2 t  cos 6 , (42)
where n i s  the  o rde r  of  i n t e r f e r e n c e  and 0 the  an g le  of  in c id e n c e  and 
emergence.  This  b as ic  e q u a t i o n  may a l s o  be w r i t t e n
n  ■ 2 V t  cos 9 , ( 4 j )
where V i s  the  frequency o f  th e  l i g h t  i n  cm.- 1 . A l l  th e  l i g h t  i n c i d e n t  
a l o n g  a cone of  semi-angle  9 c o n t r i b u t e s  t o  form a s i n g l e  c i r c u l a r  f r i n g e  
of  angu la r  r ad iu s  9. Near the  c e n t r e  of  the  f r i n g e  system, where 9 i s  smal l ,
n = 2 V t  . (44)
The change i n  f requency ,  d^ ,  co r respond ing  to  a smal l  change i n  o r d e r ,  dn ,  
i s  g iven  by
= 2—t ' (*5)
The s p e c t r a l  range i s  def ined  ss  th e  f requency  s e p a r a t i o n  between two 
components whose o rders  d i f f e r  by u n i t y .  The frequency s e p a r a t i o n  o f  a
22
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p a i r  of  components i s  found by de te rm in ing  t h e i r  f r a c t i o n a l  o r d e r s ,  €, and 
€2,, and the n  us ing Equat ion  (¥5). I t  may be shown from Equat ion  (*f-2) t h a t  
t h e  an g u la r  r a d iu s  of  the p - th  f r i n g e  i s  g iven by
&
P" y ^ .  + p - i ) .  (46)
The p - t h  and (p + l ) - t h  f r i n g e s  a r e  c o n n e c te d  by the fo l low ing  r e l a t i o n :
' ept, ~ 9P X (
In  terms of  t h e  l i n e a r  d ia m e te r s ,  D, of  the  f r i n g e s ,
c. -  ^
' '  4 f ‘  > '  p > <^a >
where f  i s  t h e  e f f e c t i v e  f o c a l  l e n g th  of  the  le ns  system used i n  fo c u s s in g  
t h e  f r i n g e s  on th e  photographic  p l a t e .  S i m i l a r l y ,  i f  dp+l i s  the  l i n e a r  
d ia m e te r  o f  t h e  (p + l ) - t h  f r i n g e  a r i s i n g  from th e  second component,
<»>
I t  has  been assumed t h a t  the  two components a re  c l o s e  enough t h a t  
Then th e  d i f f e r e n c e  between the  o rders  of  the  two comoonents i s
dn = e ,  -  = (D^rl -d ) t (50)k  f " A
and the  cor responding  f requency s e p a r a t i o n  i s
dv' B — ) — -—2 t  v p+i f*< Q f *  \
= (Dp+.“ V ,  )X  ( c o n s t . )  . (5 1 )
O b ta in ing  express ions  f o r  D^,  and Dp from Equat ion  (+8) i t  may be shown th a t
rF*X = 2 t (D£,- D^) (52)
Thus the  c o n s t a n t  i n  Equa t ion  (5l) i s  a f u n c t i o n  of  the i n t e r f e r o m e t e r  
s pac ing  and th e  l i n e a r  d iamete rs  of  t h e  f r i n g e s ,  and so i t  may be found 
by measuring th e  d iamete rs  of  s e t s  of  f r i n g e s  ob ta ined  with known values
o f  t ,  the  m i r r o r  spac ing .  An a c c u r a t e  value of  t h i s  cons tan t  can be
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determined f o r  each waveleng th  under i n v e s t i g a t i o n ,  and t h e r e a f t e r  i t  i s  
n o t  necessa ry  t o  know th e  p r e c i se  v a lu e  of  the  m i r r o r  sp ac in g ,  but  only 
t o  o b t a i n  the  d i f f e r e n c e s  i n  th e  squares  o f  the  d iam ete r s  o f  t h e  r ings  i n  
o r d e r  t o  c a l c u l a t e  f requency  s e p a r a t i o n s .
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CHAFTER IV 
DESCRIPTION OF THE APPARATUS
The a p p a r a tu s  used t o  atudy th e  s p e c t r a l  l i n e  shapes i s  shown i n  
Figure ( 0 ) .  I t  c o n s i s t e d  o f :  t h e  p a r t i c u l a r  l i g h t  so u rce  under i n v e s t i g a ­
t i o n ,  a monochromator to  i s o l a t e  the  resonance  l i n e  b e in g  s t u d i e d ,  a Fabry- 
P ero t  i n t e r f e r o m e t e r ,  a camera equipped w i th  a s h u t t e r  o f  v a r i a b l e  a p e r t u r e ,  
and th e  n e c e ss a ry  c o l l i m a t i n g  and fo c u s s in g  l e n s e s .
For purposes  o f  de te rm in ing  the  r e l a t i v e  i n t e n s i t i e s  of  the  
s p e c t r a l  l i n e s ,  a p h o t o m u l t i p l i e r  tube would be p laced f o l lo w in g  the e x i t  
s l i t  o f  t h e  monochromator i n s t e a d  of  t h e  i n t e r f e r o m e t e r .
A lk a l i  Metal S p e c t r a l  Lamps
( l )  Osram S p e c t r a l  Lamps
Osram S p e c t r a l  Lampa a r e  a l t e r n a t i n g  c u r r e n t  d i s c h a rg e  lamps. The
e l e c t r o d e s ,  an  i n e r t  gas which a c t s  a s  a c a r r i e r  o f  the  d i s c h a r g e ,  and a
smal l  amount o f  t h e  a l k a l i  me ta l  a r e  con ta in ed  w i t h i n  a g l a s s  b u lb .  This  
bu lb  i s  enc losed  i n  an o u t e r  envelope which se rves  a s  a mechanical  cover 
and as  a b a r r i e r  a g a i n s t  h e a t  l o s e .  The recommended o p e r a t i n g  c u r r e n t  i s
1 .5  amperes,  su p p l ie d  a t  a v o l t a g e  o f  10 v o l t s .  I t  i s  wel l  known t h a t  th e se
lamps emit  b ro a d ,  s e l f - r e v e r s e d  s p e c t r a l  l i n e s .
( i i )  The V ar tan  S p e c t r a l  Lamp
This lamp, manufactured  by V ar ian  A s s o c i a t e s  of  C a l i f o r n i a ,  i s  o f  
t h e  e l e c t r o d e l e s s ,  r a d io f r e q u e n c y - e x c i t e d  type .  I t  has been descr ibed  by 
B e l l ,  Bloom, and Lynch. (1961)
The rad io f re q u e n c y  o s c i l l a t o r  c i r c u i t  i s  o f  the p u s h -p u l l  type ,  
o p e r a t e s  a t  a f requency  o f  100 m c / s e c . , and produces a power d i s s i p a t i o n  of  
5 .75  w a t t s .  I t  i s  shown i n  F igure  ( 9 ) .
The bulb  c o n t a in in g  the  a l k a l i  vapour i a  a sphere  o f  d iam ete r  
1 cm. w i th  a w a l l  th i c k n e s s  o f  0 . 2  mm., and has a smal l  t i p  which serves
IIN IV F R S IT V  O F  tgflftgncnD  S M f l B V
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Figure  (9 )  The V ar tan  Lamp O s c i l l a t o r  C i r c u i t
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80 a r e s e r v o i r  f o r  the  a l k a l i  meta l ,  The o p e ra t in g  t e m pera tu re  o f  th e  r e ­
s e r v o i r  i s  90°0 and t h a t  o f  the  bulb s u r f a c e  i s  120°C. The c a r r i e r  gas i s  
k r y p to n  a t  a p r e s s u r e  o f  1 .6  mm, Hg. I t  has  been chosen by the  manufac tu r­
e r s  because i t  a p p a r e n t ly  prov ides  a more s t a b l e  d i s c h a rg e  than  o t h e r  i n e r t  
g a s e a .
( l i i )  The New Radiofrequency Lamp
The rad io f re q u en cy  lamp used in  t h i s  i n v e s t i g a t i o n  was o f  the  type 
d esc r ib e d  by Chapman (1963),  The o s c i l l a t o r  c i r c u i t  was o f  a push -pu l l  
type  opera ted  i n  c l a s s  C« Fower was supp lied  by a Lambda Vol tage-Regula ted  
Fower Supply Model C-482M. The f requency o f  about  60 mc /sec ,  was determined 
by th e  tank  c i r c u i t  and could be v a r i e d  s l i g h t l y  by means of  the tr immer 
c a p a c i t o r s .  Fower to  t h e  c o i l  was r e g u la t e d  by a 10K po te n t io m e te r  which 
c o n t r o l l e d  th e  c u r ren t  t o  th e  s c re e n  g r i d s .  The power d i s s i p a t i o n  o f  the  
p l a t e  c i r c u i t  was about  100 w a t t s  and t h a t  of  t h e  s c r e e n  g r i d s  about  5 w a t t s .  
As the  vapour p re s su re  i n  the  d i s c h a rg e  tube i n c r e a s e d ,  the impedance was 
lowered and the power d i s s i p a t i o n  a l s o  in c re a s e d .  However, i n  the e x p e r i ­
menta l  r u n s ,  the  power d i s s i p a t e d  i n  the  p l a t e  c i r c u i t  was h e ld  c o n s ta n t  by 
a d j u s t i n g  t h e  c u r r e n t  to  the  s c re e n  g r i d s .  Figure (10)  showa t h e  c i r c u i t .
The e l e c t r o d e l e s s  d i scha rge  was confined  to a pyrex g la s s  c y l i n d e r  
o f  l e n g th  6 cm. and d ia m e te r  1.8  cm., which con ta ined  about  0 . 5  go. o f  the  
a l k a l i  m e ta l ,  p u r i f i e d  by vacuum d i s t i l l a t i o n ,  and about  2 . 0  t o r r  of  a rgon  
gas to  ca r ry  the  d i s c h a rg e  a t  low vapour d e n s i t i e s  of  the  m e ta l .  The 
vapour was coupled to  th e  rad io f requency  f i e l d  by p la c in g  the  bu lb  w i t h i n  
th e  c o i l  o f  t h e  o s c i l l a t o r  t a n k  c i r c u i t .  The base of  the lamp a c t e d  as  a 
r e s e r v o i r  f o r  th e  meta l  and was heated to  c o n t ro l  th e  vapour p r e s s u re  of  
th e  m e ta l .  The h e a t e r  c o n s i s t e d  of  3*5 ohms o f  //28 Chromel "A" h e a t in g  wire  
i n  th e  form o f  a c o i l  which was wrapped about  the  base  of  the  lamp and was 
b u r ie d  in  an a s b e s to s  b lock .  The h e a t e r  c u r r e n t  was r e g u la te d  by a t r a n -
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a l a t o r i z e d  c o n t r o l l e r  employing a t h e r m i s t o r  as  a s ens ing  e lement .  A chromel-  
a lumel thermocouple was placed  i n  c o n t a c t  with  th e  g l a s s  of  t h e  r e s e r v o i r .
The t e m pera tu re  measured by t h i s  the rm ocouple  could be v a r ie d  from 70°G to  
over 200°C. A minimum lamp base  t e m p era tu re  o f  s l i g h t l y  l e s s  tha n  70°C was 
o b ta in ed  wi th  zero  h e a t e r  c u r r e n t .  This was caused by th e  d i e l e c t r i c  h e a t ­
ing  e f f e c t  which r a i s e s  the te m p e ra tu re  o f  th e  glass envelope  w i t h i n  the  
ra d io f r e q u e n c y  c o i l  t o  well over  200°C. F igure  (11)  shows the  c o n t r o l l e r  c i r c u i t .
The Monochromator 
The monochromator was a Bausch and Lomb g r a t i n g  in s t ru m e n t ,  con­
t a i n i n g  a 1200 l ine/mm. p lane  r e p l i c a  g r a t i n g  blazed a t  7500 8 i n  the  f i r s t  
o r d e r .  The r e c i p r o c a l  l i n e a r  d i s p e r s i o n  of  t h i s  in s t rum en t  was 16 8/mm.
A s l i t  width  o f  1.75 wa8 found s u f f i c i e n t  t o  r e s o lv e  the  po tassium 
resonance  d o u b l e t .
The I n t e r f e r o m e t e r  
The Fabry-Pero t  i n t e r f e r o m e t e r  wa9 the  H i lg e r  and Watts Model N200 
in s t r u m e n t .  I t  c on ta in s  an  a c c u r a t e  screw  o f  1 .0  mm. p i t c h ,  by means of  
which th e  gap between the m i r ro r s  can be va r ied  c o n t in u o u s ly .  The c i r c u l a r  
m i r r o r s  have a lumin ized  s u r f a c e s  and have  d ia mete rs  o f  2.5  cm. Coarse and 
f i n e  ad ju s tm en t s  f o r  p a r a l l e l i s m  o f  t h e  m i r ro r s  a r e  provided .  The s e p a r a t i o n  
o f  t h e  m i r ro rs  i s  measured w i th  a l i n e a r  m i l l i m e t r e  s c a l e  i n  c o n j u n c t io n  with  
a r o t a t i n g  d i s c  c a l i b r a t e d  i n  0.01 mm. u n i t s .  This s ca le ,how ever ,  has a 
l a r g e  ze ro  e r r o r ,  which i s  dependent  a l s o  on th e  p o s i t i o n s  of  the  m i r r o r s  in  
t h e i r  r e t a i n i n g  r i n g s .  There fore  the  s e p a r a t i o n  between the  m i r ro rs  was 
measured w i th  a t r a v e l l i n g  microscope ,  a l s o  c a l i b r a t e d  i n  0.01 mm. u n i t s .
The camera used was t h e  H i lg e r  and Watts Model D72 spe c t ro m e te r  
camera,  which a c c e p t s  4^" x pho tog raph ic  p l a t e s .  This  camera has 
mounted i n  i t  a concave lens and i t  was n e c e s s a r y  to  p la ce  a convex achromat ic  
lens  o f  f o c a l  l e n g th  29 cm. between i t  and th e  i n t e r f e r o m e t e r  i n  o rd e r  to
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photograph the  i n t e r f e r e n c e  f r i n g e s .  The camera and i t s  a u x i l i a r y  lens 
were mounted on an o p t i c a l  bench.
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CHAPTER V 
EXPERIMENTAL PROCEDURE
D ete rm in a t io n  o f  I n t e n s i t i e s
The r e l a t i v e  i n t e n s i t i e s  of  the s p e c t r a l  l i n e s  were measured 
w i th  a Dumont 6911 m u l t i p l i e r  pho to tube  which has a ty p e  S - l  (Ag-O-Cs) 
pho toca thode  s u r f a c e  w i th  a peak s e n s i t i v i t y  i n  t h e  r e g io n  7000-9000  X. 
The phototube was mounted i n  a l i g h t - t i g h t  me ta l  case  which was placed 
a g a i n s t  the  e x i t  s l i t  o f  t h e  monchromator. The h ig h  v o l t ag e  was supp l ied  
t o  t h e  phototube by a F h i l i p s  h igh  v o l t a g e  supp ly ,  Model FW 4024/01,  
which i s  s p e c i f i e d  as  having an  ou tpu t  v a r i a t i o n  o f  l e s s  tha n  0 . 005 /S 
f o r  1% mains v o l t a g e  f l u c t u a t i o n .  The o u tpu t  o f  t h e  pho totube was r e ­
corded by means of  a Leeds and Northrup microampere s t r i p  c h a r t  r e c o r d e r ,  
which monitored c o n t in u o u s ly  v a r i a t i o n s  i n  lamp i n t e n s i t y .  Each t ime the 
o p e r a t i n g  c o n d i t i o n s  o f  a lamp were changed,  the  i n t e n s i t y  was al lowed to  
come t o  e q u i l i b r i u m ,  which r e q u i r e d  a few m inu tes .  The i n t e n s i t y  o f  the 
09ram lamp was determined as  0 f u n c t i o n  of  th e  lamp c u r r e n t .  In th e  case 
of  th e  Varian lamp no change i n  o p e r a t i n g  c o n d i t i o n s  was p o s s i b l e .  The 
i n t e n s i t y  of  t h e  new ra d io f re q u e n c y  lamp was determined as a f u n c t i o n  of  
the  t e m pera tu re  of  th e  lamp base .
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Inve3t I g a t i o n  of  th e  Shapes of  the S p e c t r a l  Lines j k
I t  may be seen  from Equa tion (4i) t h a t ,  w i th in  a g iven  o rd e r ,  
coa 9 o r ,  nea r  the  c e n t r e  of  t h e  i n t e r f e r e n c e  p a t t e r n ,  9, i a  d i r e c t l y  
p r o p o r t i o n a l  to  the wave leng th .  Thus t h e  d i s t r i b u t i o n  o f  i n t e n s i t y  a c r o s 9 
a s i n g l e  f r i n g e  corresponds  to  the  p r o f i l e  of  t h e  s p e c t r a l  l i n e  producing 
th e  f r i n g e .
Since  the resonance  l i n e s  of  po tass ium and rubidium l i e  a t  the  
l i m i t  o f  t h e  v i s i b l e  spec trum,  th e  i n t e r f e r e n c e  f r i n g e s  could not be ob­
served v i s u a l l y .  I t  was found conven ien t  to  use sodium yel low l i g h t  from 
an  Jsram lamp i n  a l i g n i n g  the  i n t e r f e r o m e t e r .  In  o rde r  t h a t  p a r a l l e l  l i g h t  
should be in c id e n t  on t h e  i n t e r f e r o m e t e r ,  an f / 4 . 5  achrom atic  c o l l im a t in g  
le n s  of  f o c a l  leng th  22 cm. was p laced  so t h a t  the  o x i t  s l i t  o f  the  mono­
chromator was i n  i t s  f o c a l  p lane .  With th e  i n t e r f e r o m e t e r  placed c o r r e c t l y ,  
so t h a t  the  p a r a l l e l  beam was normal t o  t h e  m i r r o r s ,  the  r e f l e c t e d  l i g h t  
passed th rough  the c o l l i m a t i n g  le ns  and formed an image of  th e  e x i t  s l i t  
e x a c t l y  c o in c id e n t  w i th  th e  e x i t  s l i t  i t s e l f .  F in a l  ad jus tm en ts  of  focus  
and m i r ro r  p a r a l l e l i s m  were made by p la c in g  a c l e a r  pho tographic  p l a t e  in  
th e  p l a t e  h o ld e r  of t h e  camera,  and obse rv ing  with a m ag n i f ie r  the  image of  
th e  f r in g eB  focussed  on the  g r a i n  of  the photographic  emulsion.  When 
ad ju s tm en t  was comple te ,  the  system was covered  to  prevent  s t r a y  l i g h t  
from e n t e r i n g  the  camera. Kodak S pec t ro scop ic  F l a t e s ,  type IN, with peak 
s e n s i t i v i t y  i n  the  range 7700 - 8^00  8 , were used to  photograph th e  f r i n g e s .  
Exposures were o f  f i v e  seconds d u r a t i o n ,  with  compensation f o r  vary ing  source 
i n t e n s i t i e s  being made by a d j u s t i n g  th e  v a r i a b l e  a p e r t u r e s .  In  t h i s  way i t  
was p o s s i b l e  to  o b t a in  i n t e r f e r e n c e  f r i n g e s  o f  approxim ate ly  equal  peak 
i n t e n s i t i e s  throughout the  range  of  l i g h t  s o u rces .  I t  should be noted t h a t  
th e  i n t e n s i t y  of  an i n t e r f e r e n c e  f r i n g e  a t  i t s  peak i3 p r o p o r t i o n a l  to  the 
peak i n t e n s i t y  of  the  s p e c t r a l  l i n e  producing i t ,  whereas the  s i g n a l  recorded
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by o p h o to m u l t ip l ie r  tu b e  i s  p ro p o r t io n a l  to  th e  in te g r a te d  i n t e n s i t y  of 
th e  s p e c t r a l  l in e ,  when th e  monochromator s l i t s  a re  wide. The camera allowed 
f o r  h o r iz o n ta l  rack in g  o f  th e  p la te s  so th a t  s ix  exposures could be placed 
on each p l a t e .  The p la te s  were developed in  Kodak D-19 d ev e lo p e r .
S ince  th e  response  o f  the  pho tograph ic  em ulsion  Ib n o n l in e a r  i t  
was n e c e ssa ry  to  c a r ry  out a c a l i b r a t i o n  o f  th e  p l a t e s .  The in te r f e ro m e te r  
was removed from th e  p a r a l l e l  beam, so t h a t  only the  monochromator e x i t  s l i t  
was photographed. The f lu x  d e n s i ty  o f  l i g h t  a t  the photographic  p la t e  was 
p ro p o r t io n a l  to  th e  a rea  of th e  a p e r tu r e  i n  the p a r a l l e l  beam, which was 
v a r ie d  so th a t  9 wide range of darkening  was produced on the  p la t e  f o r  a 
s e r i e s  o f  f iv e -sec o n d  ex p o su res .  This was repea ted  f o r  each s p e c t r a l  l in e  
under in v e s t ig a t io n .  The d e n s i t i e s  o f  th e  exposed p la te s  were determined 
by scanning them w ith  th e  t fa r re l l -A sh  Model 2J10 reco rd in g  m icrophotom eter. 
C a l ib r a t i o n  curves f o r  th e  pho tograph ic  em ulsion  were then  obta ined by p lo t ­
t i n g  th e  r e c o rd e r  read in g s  v s .  the  co rrespond ing  a p e r tu re  a r e a s .
T races o f  th e  in t e r f e r e n c e  f r i n g e  p a t t e r n s  were obta ined  by scan­
n in g  the  p la te s  w ith th e  m icrophotom eter. Using the  p la te  c a l i b r a t i o n  curves 
th e  i n t e n s i t i e s  were ob ta in ed  a t  v a r io u s  p o in ts  along th e  p r o f i l e s  of the  
i n t e r f e r e n c e  f r i n g e s .  These i n  t u r n  y ie ld e d  th e  i n t e n s i t y  p r o f i l e s  of the  
co rresponding  s p e c t r a l  l i n e s .  The h a l f - i n t e n s i t y  p o in ts  were determined fo r  
a l l  th e  f r i n g e s ,  and , i n  the  case o f  s e l f - r e v e r s e d  s p e c t r a l  l i n e s ,  the  r a t i o s  
of the  i n t e n s i t i e s  o f  th e  peakB to  th o se  of th e  c e n t r a l  minima were a l s o  
found. The h a l f -w id th s  o f  th e  s p e c t r a l  l i n e s  were o b ta in ed  by m easuring 
the  d iam ete rs  o f  th e  F ab ry -P ero t f r i n g e s  aa shown i n  Figure (1 2 ) .  This 
was done f o r  up to  f iv e  f r i n g e s  on each exposure , and the  squares  of the  
d ia m ete rs  were w r i t t e n  i n  th e  “r e c t a n g u la r  a r ra y "  g iv en  by Tolansky (1951).  
The h a l f -w id th s  were th e n  c a lc u la te d  u s in g  Equation  (^ l)*  This procedure 
was c a r r ie d  out f o r  each s p e c t r a l  l i n e  over a range o f  o p e ra t in g  co n d i t io n s  
o f  the  source .
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F igure  (12) g ives  th e  appearance  of a m icropbotom eter t r a c e  
i n  which two f r in g e s  have been scanned.
^ R eco rder  Reading
C hart Faper
100
H a lf -w id th  = zrr e t c .
F ig u re  (12) Measurements Made on Traces o f  th e  I n t e r f e r e n c e  P a t te rn s  i n  
D eterm ining  H alf-W id ths .
The in t e r f e r o m e te r  m ir ro r  sp ac in g s  used i n  th e  experim en ta l  
runs  w ere  the  fo l lo w in g :
Fotassium  Osram lamp: 1.95* 4 .0 2 ,  4 .8 8 ,  and J .2 6  mm.
Potass ium  ra d io f re q u en cy  lamp: 4 .8 8 ,  7»00, 9*00, and 12.00 mm.
Rubidium Osram lamp: 1 .0 0 ,  1.95* 5»04, and 5*68 mm.
Rubidium rad io fre q u en cy  lamps: 3*04, 5*90, 4 .92 ,  and 5 .6 8  mm.
The rubidium  h y p e r f in e  s tu c t u r e  s e p a ra t io n s  were measured with 
m i r ro r  spacings  o f  10 . OJ and 1 2 .0 0  mm.
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CHAFTER VI 
DISCUSSION OF THE RESULTS
The Fo tass ium  LampB
( i )  I n te g r a te d  I n t e n s i t i e s
The in t e g r a te d  i n t e n s i t i e s  o f  th e  resonance s p e c t r a l  l i n e s ,  as 
reco rd ed  by th e  p h o to m u l t ip l ie r  tu b e ,  a r e  g iven  in  Table ( 4 ) ,  and a r e  
p l o t t e d  in  F ig u re  (15)* which showa v a r i a t i o n s  i n  the  i n t e g r a te d  i n t e n s i t y  
aa a f u n c t i o n  of lamp c u r r e n t  i n  th e  case  of th e  Osram lamp and aa a 
f u n c t io n  o f  te m p e ra tu re  i n  th e  c a se  o f  th e  ra d io f re q u en cy  lamp. The 
va lu es  f o r  th e  two lamps a re  p lo t te d  s im u l tan e o u s ly  f o r  purposes o f  com­
p a r i s o n .  The e m is s io n  o f  the  Oaram lamp shows a s l i g h t  minimum, which 
may be a t t r i b u t e d  t o  th e  ra p id  r i s e  i n  s e l f - a b s o r p t i o n  w ith  r i s e  i n  vapour 
p re s s u re  r e s u l t i n g  from th e  in c re a s e d  c u r r e n t .  The e l e c t r o d e l e s a  d i s ­
charge  lamp produces more in te n s e  resonance  l i n e s  th a n  the  Oaram Lamp.
As th e  vapour p re s su re  i s  in c re a sed  th e  combined i n t e n s i t y  of the  two 
l i n e s  shows a maximum a t  a te m p era tu re  o f  180°C ., co rrespond ing  to  a 
vapour p re s s u re  o f  2 .6  x  10“5 mm. Hg. The r a t i o s  of the  i n t e n s i t i e s  o f  
th e  two components (76658  s 7699%) a r e  n o t  equa l t o  th e  r a t i o  o f  th e
"St 2 .s t a t i s t i c a l  w e igh ts  o f  th e  e x c i te d  s t a t e s ,  2 : 1  ( P3/^: This
i n d i c a t e s  t h a t  a t  a l l  tim es some s e l f - a b s o r p t i o n  i s  t a k in g  plAce, s in c e  
th e  a b s o r p t io n  c o e f f i c i e n t  f o r  th e  7665X component i s  tw ice  as  l a r g e  aa 
t h a t  f o r  th e  7699^ component.
( i i )  Spectrum o f  th e  R adiofrequency Lamp
A b r i e f  i n v e s t i g a t i o n  o f  th e  spectrum  o f  th e  rad io f re q u e n c y  
lamp was made, u s in g  th e  H i lg e r  and Watts Model D 186 c o n s ta n t  d e v i a t io n  
w aveleng th  s p e c tro m e te r .  M icrophotometer t r a c e s  o f  photographs o f  the
57
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T a b le  ( 4 )
R e la t iv e  I n te g ra te d  I n t e n s i t i e s  o f  Resonance Lines 
e m it te d  by th e  Fotassium  Lamps 
i n  A r b i t r a r y  U nits
Os ram Lamp New Radiofrequency Lamp
O pera ting
C urren t
Amps.
I n t e n s i t y  
o f  7665 £ 
Line
I n t e n s i t y  
of 7699 & 
Line
O perating
Temp.
°0 .
I n t e n s i t y
of 7665 X
Line
I n t e n s i ty  
of 7699 X 
Line
0 .6 42 25 70 65 58
0 .7 50 4o 80 74 62
0 .8 52 45 90 7 6 65
0 .9 57 46 100 77 64
1 .0 59 47 110 79 65
1 .1 59 47 120 82 69
1 .2 58 46 lJO 85 72
1.5 58 45 140 85 77
1 .4 57 44 150 86 79
1.5 56 42 160 89 80
1 .6 56 4 l 170 90 80
1.7 59 45 180 92 80
1 .8 62 46 190 92 78
1 .9 66 49 200 95 75
2 .0 75 55 210 95 75
220 95 74
250 95 74
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Figure  (15) I n te g ra te d  I n t e n s i t i e s  o f  the Osram and Radiofrequency Fotassium  
Lamps as  fu n c t io n s  o f  th e  O pera ting  Param eters
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Figure (14) Spectrum i n  th e  itor.ge 6^00 -  6^00 
Fotaa3ium Lamp.
n i t ted  by the  r tadiofrequency
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spectrum  in  th e  range 6500 -  8500  8 a r e  shown in  F igure  ( l 4 )  f o r  lamp 
te m p era tu re s  o f  100°C and 200°0. These show s p e c t r a l  l i n e a  em itted  by the 
o th e r  a l k a l i  m e ta ls ,  which a r e  p re se n t  a s  im p u r i t i e s .  I t  i s  a l so  shown 
th a t  th e  i n t e n s i t y  o f  th e  a rgon  e m iss io n  i s  reduced as  th e  potassium  
vapour p re s su re  i s  in c re a s e d .
( i l l )  H a lf-w id th s  o f  th e  Resonance Lines
The ave rag e  v a lu es  o f  th e  h a l f - w id th s  were o b ta ined  from the  
d ia m e te rs  o f  the  F a b ry -P e ro t  f r i n g e s  as  o u t l in e d  in  Chapter V. Photo­
graphs o f  t y p i c a l  f r i n g e  systems and th e  co rresp o n d in g  m icrophotom eter 
t r a c e s  a re  shown in  F ig u re s  ( 15 ) and (1 6 ) .  The num erica l v a lu e s  of the  
h a l f -w id th s  a r e  g iven  In  Tables (5 ) and ( 6 ) and a r e  p lo t te d  i n  F igures 
(1 7 )  and (18) a s  fu n c t io n s  o f  th e  o p e r a t in g  param eters  o f  th e  lamps. Also 
p lo t te d  a r e  th e  s e p a ra t io n s  o f  the  s e l f - r e v e r s a l  maxima, which in c re a s e
i n  the  same manner a s  th e  h a l f - w id t h s .  The h a l f - w id t h  o f  th e  7665 8
component e m it te d  by th e  Osram lamp v a r i e s  from 0 .2 7  cm.-* to  1.1 cm.- * 
i n  th e  range 0 . 6 - 1 .7  am peres, and i s  approx im ate ly  p ro p o r t io n a l  to  the  
o p e ra t in g  c u r r e n t .  The co rresp o n d in g  v a r i a t i o n  f o r  the  7699 8 component 
over  the  same range ex te n d s  from 0 .2 1  cm.” * to  0 .7 4  cm.” *. The h a l f ­
w id ths o f  the  l i n e s  e m it te d  by th e  new rad io fre q u en cy  lamp a r e  much 
s m a l le r  and in c re a s e  n e a r ly  l i n e a r l y  w ith  te m p era tu re  over th e  e n t i r e  
tem pera tu re  range o f  70°C to 210°C. The h a l f - w id th  o f  th e  7665  8 l i n e  
v a r i e s  from 0 .0 9 7  cm.” * t o  0 .2 6  cm.” *, w hile  t h a t  of th e  7699  X l in e
v a r i e s  from 0 .095 cm.” * to  0 .2 1  cm.
( i v )  Peak I n t e n s i t i e s
The r a t i o s  o f  the  peak i n t e n s i t i e s  o f  th e  co rrespond ing  resonance 
l i n e s  produced by th e  v a r io u s  lamps under normal o p e ra t in g  c o n d i t io n s  were
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Ha If-vi id th :  O.5 6  cm."' 
S p e c t r a l  Ranees l .o 2  cm.
Figure ( 15a) Fhotograph of F r inge  System and Microphotometer Trace (one- 
h a l f  of f r in g e  system ) f o r  
Osram lamp a t  0 .9  ampere, 7665  A l i n e .
H a lf -w id th :  0 .71  cm.~‘ 
S p e c t r a l  Range: 1 .02  cm
F igure  (15b) Photograph o f  F ringe System and Microphotometer Trace fo r
O
Osram lamp a t  1 .5  am peres, 166^ A l i n e .
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Half-W idth: 0 .1 J  cm.~ 
S p e c t r a l  Range: 0 .417
F igure  (16a)  Fhotograph o f  Fringe 3yatem and Microphotometer Trace fo r  
th e  7665 ^ Line Em itted by th e  H adiofrequency Lamp, 
O pera ting  a t  120°C.
Half-W idth: 0 .2 2  cm.
S p e c t r a l  Range: 0.417 cm. -1
F ig u re  ( l6 b )  Fhotograph o f  F ringe  System and H icrophotom eter Trace fo r  
th e  7665 X Line Em itted by th e  Radiofrequency Lamp, 
O pera ting  a t  170°C.
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Table (5 )
HaIf-W idths, and S e p a ra t io n s  of th e  S e lf -R e v e r sa l  Maxima 
in  the  Fotasaium  J66^h  Component
Osram Lamp New Radiofrequency Lamp
O pera ting
C urrent
Amps*
H a lf -
Width
cm.~l
S epar .  of 
Maxima 
cm._ l
O pera ting
Temp.
°0.
H a l f -  
Width 
cm. '1
Separ.  of 
Maxima 
cm. “ 1
0 .6 0 .2 7 0 70 0.0968
0*7 0 .299 80 0 .1 0 5
0 .8 0.557 0.0657 90 0 .1 1 0
0 .9 0 .559 O.O857 100 0.126 0.0547
1 .0 0 .5 9 6 0.0874 110 0 .151 O.O556
1 .1 0 .4 7 2 0 .1 2 0 120 0 .1 5 0 0 .0 7 1 6
1 .2 0 .5 0 9 O .I67 150 0 .175 0.0828
1-5 0 .5 5 4 0 .2 2 0 140 0 .1 8 2 0.0881
1 .4 0 .6 5 5 0.248 150 0 .1 9 0 0.0957
1.5 0 .714 0.271 160 0 .2 1 1 0 .1 0 5
1 .6 0 .8 7 1 0 .527 170 0.219 0.108
1 .7 1 .0 5 O.450 180 0 .2 5 1 0.111
1 .8 1 .4 7 0.542 190 0.242 0 .1 1 7
1 .9 1 .6 1 0 .648 200 O.252 0.119
2 .0 1 .66 O.7 2 6 210 0 .2 6 0 0 .1 2 5
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T a b le  (6 )
H alf-W idths, and S ep a ra t io n s  of the S e l f -R e v e r sa l  Maxima 
i n  th e  Fotaasium  7699$ Component
Osram Lamp New R adiofrequency Lamp
O pera ting
C u rren t
Amps.
H a l f -
Width
c m . ' l
S epar .  o f  
Maxima 
cm .- l
O pera ting
Temp.
oc.
H a lf -
Width
cm.~l
Separ. of
Maxima 
cm. “ 1
0 .6 0 .215 70 0.0955
0 .7 0 .199 80 0.0996
0 .8 0 .2 2 7 90 0.104
0 .9 0 .240 100 0 .114
1 .0 0 .288 O.O576 110 0 .1 2 5
1.1 0 .517 0.0705 120 0 .150
1 .2 0.540 0 .0781 150 0-145 0.0514
1-5 0 .409 0 .0 9 2 2 l4o O .I55 0.0600
1 .4 0 .460 0 .1 5 8 150 0 .1 6 1 0.0612
1-5 0 .460 0 .1 7 6 160 0 .1 7 8 O.O652
1 .6 0 .6 2 8 0 .221 170 0.187 0 .0686
1-7 0.759 0 .264 180 0 .190 0.0755
1 .8 1.05 0.529 190 0 .199 0.0757
1 .9 1 .1 2 0.406 200 0 .2 0 5 0.0759
2 .0 1.47 O.5O5 210 0 .2 0 7 0.0751
UMVERS1TY OF W KOSOR LIBRARY
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OSRAM LAMP CURRENT (AMPS.)cm
0.6
0.8
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0.8
OSRAM
LAMP
0 .4
0 . 6.
0 .4
0.2
0.2
RF LAMP
11070 130 1509 0 170 190 210
RF LAMP TEMPERATURE (°C)
Figure (17) Half-Vfidtha, A / ,  and S ep a ra t io n s  of the S e lf -R e v e rsa l  Maxima, 
I n  th e  Potassium  7665  A Component.
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0.8 2.0
0.8
0.6
OSRAM
0.4
0.2.
RF LAMP
  <3 _  J *  -Q - —O
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TEMPERATURE (°C)
7 0 9 0 250590
F igure  (18) H alf-W idthss Av*, and S e p a ra t io n s  o f  th e  S e lf -R e v e re a l  Maxima, Sf, 
In  th e  Fota8sium 7699 & Component.
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determ ined  ap p ro x im a te ly ,  s in c e  th e y  a re  the  r e c i p r o c a l s  of th e  r a t i o s  o f  
th e  amounts o f  l i g h t  a llow ed to  e n t e r  the  camera when photographing  the  
i n t e r f e r e n c e  f r i n g e s .  Using t h i s  method, the  r a t i o  o f  the  peak o f  a 
l i n e  produced by th e  r a d io f re q u e n c y  po tass ium  lamp to  t h a t  em itted  by 
th e  Osram lamp i s  app ro x im ate ly  5*6  : 1. The r a t i o  o f  the in t e g r a te d  
i n t e n s i t i e s  i s  ap p ro x im a te ly  1 .6  : 1 . Assuming a r e c t a n g u la r  l i n e  shape 
f o r  th e  sake o f  s i m p l i c i t y ,  th e  i n t e g r a te d  i n t e n s i t y  i s  the  p roduct of 
th e  l i n e  w id th  and i t s  peak i n t e n s i t y .  On t h i s  b a s i s ,  the r a t i o  o f  the 
l i n e  w idths produced by th e  ra d io f re q u e n c y  and th e  Osram lamps should be 
s 1 = 1  s 2 . ^ .  When th e  r a d io f re q u e n c y  lamp i s  o pe ra ted  a t  a temp­
e r a t u r e  o f  150°0 and t h e  Osram lamp i s  o p e ra ted  a t  a c u r r e n t  o f  around 
one ampere, th e  r a t i o  o f  the  l i n e  w id ths  has an  average  v a lu e  o f  1 : 2 .1 .
Under th e s e  o p e ra t in g  c o n d i t io n s  th e  l i n e s  a r e  s t r o n g ly  absorbed  and so a r e
f l a t - t o p p e d  and n e a r ly  r e c t a n g u la r  i n  shape . I f  th e  Osram lamp i s  
o p e ra ted  i n  th e  range 1 .0  -  1 .6  amperes th e  w id th s  o f  th e  l i n e s  in c re a s e  
r a p i d l y ,  b u t  th e re  i s  no co r resp o n d in g  in c re a s e  i n  th e  i n t e g r a te d  
i n t e n s i t y  because  th e  e f f e c t  o f  th e  s e l f - r e v e r s a l  i s  to  d ec re ase  th e
i n t e n s i t y  a t  th e  c e n t r e  o f  th e  l i n e .  These approxim ate s p e c t r a l  l i n e
shapes a r e  shown i n  F igu re  ( 2 5 ).
(v )  S e l f rR e v e r s a l
Values o f  and o f  th e  a b s o r p t io n  pa ram ete r ,  p, d e f in e d  in
C hap te r  I I ,  a r e  g iv e n  i n  Tables (7 )  and ( 8 ) ,  and v a lu es  of a r e  p lo t t e d
i n  F ig u re s  (1 9 )  and (20) f o r  th e  resonance  l i n e s  o f  po tassium  produced by 
the  Osram lamp and th e  ra d io f re q u e n c y  lamp r e s p e c t iv e l y .  S e l f - r e v e r s a l  
appea rs  i n  th e  l i n e s  em itted  by th e  Osram lamp when th e  o p e ra t in g  c u r r e n t  
i s  g r e a t e r  th a n  one am pere, and , i n  th e  case of th e  rad io fre q u en cy  lamp, 
when th e  o p e ra t in g  te m p era tu re  i s  g r e a t e r  th a n  120°C. I t  was observed
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T a b le  ( 7 )
V alues o f  th e  R a t io s  of I n t e n s i t i e s  o f  S e lf -R e v e r sa l  Feaks t o  C en tra l  
Minima, and o f  th e  A bsorp tion  Param eter p .
m y
Osram FotaBsium Lamp
DnAf"afl1 Tier 7665  X Line 1699 I LinewUvi VAdu
C u rre n t
Amps* XWO
P h & z.
lOfe) P
0 .8
0 .9
l .O J
1 .07
1 .2 6
1.40
non­
s e l f -
rev e rsed
1 .0 1 .0 8 1 .4 4 I .0 5 1 0 5
1.1 1 .08 1 .44 1 .0 5 1*55
1 .2 1 .1 2 I .5 5 1 .07 1 .40
1.5 1.17 1 .6 6 1 .08 1 .44
1.4 1 .2 5 1 .82 1 .1 1 I .5 2
1.5 1 .2 8 1 .8 8 1 .15 1.57
1 .6 1.55 1 .96 1 .19 1.71
1.7 1.40 2 .0 6 1 .2 5 1.82
1 .8 1.51 2 .2 0 1.47 2 .1 5
1 .9 1.57 2 .28 1.57 2 .2 8
2 .0 I .55
_
2 .2 5 1 .54 2.22
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T ab le  (8 )
7alues o f the Patios o f In te n s it ie s  o f Self-R eversal Feakg to Central 
Minima, ^®®^and of the Absorption Parameter p.
Radiofrequency Fotassium Lamp
Operating
Temp.
°0
7665  A Line 7699 i Line
*max
I W P I W P
100 1 .0 6 I .36 non- s e l f -
110 1 .0 8 1 .4 4 rev* rsed
120 1.10 1 .5 0 1 .03 1 .26
1J 0 1 . 1 7 1 .6 6 1 .0 8 1.44
l4o 1 .2 5 1 .82 1.13 1.57
150 1 .3 0 1.91 1.16 1.64
160 1.40 2 .0 6 1 .21 1.75
170 1 .5 0 2 .2 3 1.24 1.81
180 I .5 6 2 .26 1.28 1 .88
190 1 .6 6 2 .3 8 1 .30 1.91
200 1.77 2 .5 0 1.53 1.96
210 1 .8 0 2 .5 2 I .3 8 2 .0 3
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1.4
7 6 9 9  X
0.8 1.0 1.4 1.6
LAMP CURRENT (AMPS. )
Figure (1 9 )  R atios o f  I n t e n s i t i e s  o f  S e l f -R e v e r s a l  Feaks to  C e n t ra l  Minima', 
Osram Fotassium  Lamp.
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max
7 6 6 5  A
1.4
7 6 9 9  A
1 30  1 5 01 1 09 0 170 190 210
LAMP TEMPERATURE C O
Figure (20) Ratios of  I n t e n s i t i e s  o f  S e l f -R eversa l  Feaks to Central Minima 
Radiofrequency fotasaium Lamp.
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by Chapman .(1964) t h a t  the  e f f e c t i v e n e s s  o f  the  rad io frequency  potaBsium 
lamp in  e x c i t in g  resonance f lu o re s c e n c e  decreased  when the lamp was 
o p e ra te d  a t  tem pera tu res  above 120°C, which dem onstra tes  the  n e c e s s i t y  of 
employing n o n - s e l f - r e v e r s e d  resonance  l i n e s  as th e  e x c i t in g  r a d i a t i o n .  
However* due to  t h e i r  i n i t i a l  h ig h e r  i n t e n s i t i e s ,  h e a v i ly  s e l f - r e v e r s e d  
l i n e s  obta ined  from th e  ra d io f re q u e n c y  sou rce  r e t a i n  g r e a t e r  i n t e n s i t i e s  
a t  t h e i r  c e n t re s  th a n  th o se  o b ta in ed  from th e  Osram lamp.
S e l f - r e v e r s a l  occurs  i n  th e  Osram lamp because  the io n i c  d i s ­
charge  and thus  th e  e x c i t a t i o n  a r e  c o n c e n tra te d  about the  c e n t r a l  a x is  of 
th e  d isc h a rg e  tube* whereas th e  r e v e r s e  o f  t h i s  d i s t r i b u t i o n  occurs i n  
th e  ra d io f re q u e n c y -e x c i te d  d is c h a rg e .  The s k in  e f f e c t  tends to  c o n c e n tra te  
t h e  rad io fre q u en cy  f i e l d  and th e  e x c i t a t i o n  f c i a th in  la y e r  n e a r  th e  w alls  
o f  t h e  d is c h a rg e  tube ; viewed end-on , th e  em ission  i s  i n  the  form  of a 
r i n g .  This e f f e c t  becomes more pronounced a t  h ig h e r  vapour p re s s u re s .
Under th e se  c o n d i t io n s  th e  l i g h t  em it te d  a t  th e  back wall o f  th e  d i s ­
charge  tube  would be g r e a t ly  absorbed  i n  p ass in g  th rough  the c e n t r a l  
r e g io n  o f  low e x c i t a t i o n .  In  a d d i t i o n ,  th e r e  may be a b s o rp t io n  n e a r  the  
w a l ls  due to  th e  p resence o f  a l a y e r  o f  c o o le r  vapour,  s ince  the  d i s ­
charge  tube was exposed, and o f  a h ig h e r  d e n s i ty  o f  unexcited  atoms as a 
r e s u l t  of d e - e x c i t a t i o n  by c o l l i s i o n s  w ith  th e  w a l l s .
( v l )  Em ission from D i f f e r e n t  S e c t io n s  o f  the  Radiofrequency Discharge Tube 
A b r i e f  i n v e s t i g a t i o n  was made o f  th e  l i n e  p r o f i l e s  em it ted  by 
th e  c e n t r a l  r e g io n  and by a s e c t i o n  n e a r  th e  edge o f  the  d isc h a rg e  tube . 
This was accomplished by p la c in g  a s l i t  o f  w idth  2 mm. a t  a d i s t a n c e  o f  
abou t 8 cm. from th e  monochromator e n t ra n c e  s l i t .  The lamp was p laced  
n e a r  th e  a u x i l i a r y  s l i t  so th a t  on ly  th e  l i g h t  em itted  from a v e r t i c a l  
s e c t i o n  through  the d isc h a rg e  tu b e  passed through both s l i t s  and en te re d
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the  monochromator. The h a l f - w id th s ,  s e p a ra t io n  o f  s e l f - r e v e r s a l  peaks, 
and r a t i o s  o f  a e l f - r e v e r s a 1 peaks to  minima were not s i g n i f i c a n t l y  d i f f e r e n t  
from  th o se  ob ta ined  p re v io u s ly .  I t  was found t h a t  the h a l f - w id th s ,  s e p a r ­
a tions  o f  s e l f - r e v e r s a l  maxima, and r a t i o s  of peak in t e n s i ty  to  the 
c e n t r a l  minima were g r e a t e r  f o r  l i g h t  emerging from the edge by f a c t o r s  
o f  1 .20 ,  1 .5 4 ,  and 1.09* r e s p e c t iv e l y ,  i n  th e  case of 7665 i  r a d i a t i o n .
The co rrespond ing  f a c to r s  f o r  th e  1699 A l i n e  were 1 .1 1 ,  1.^0* and 1 .04. 
These r e s u l t s  i n d i c a t e  t h a t  th e r e  was s e l f - a b s o r p t i o n  occuring  in  a la y e r  
o f  vapour near  th e  w a l l s ,  s in c e  the  l i g h t  em itted  t a n g e n t i a l l y , w ithout 
p a ss in g  through th e  c e n t r a l  r e g io n ,  was s t i l l  s u b je c t  to  a b s o rp t io n .
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The Rubidium Lamps
( l )  I n te g ra te d  I n t e n s i t i e s
The in t e g r a te d  i n t e n s i t i e s  o f  th e  resonance l i n e s  a re  given 
in  Table ( 9 ) and p lo t t e d  in  F igure  (21) s i m i l a r l y  to  th o se  o f  the  p o ta s ­
sium lamps. In  the  case  o f  th e  Osram lamp th e  i n t e n s i t y  shows a minimum 
a t  a lower va lue  o f  th e  lamp c u r r e n t  than  w ith  the po tass ium  Osram lamp.
The resonance  l i n e s  em it te d  by th e  rad io fre q u en cy  lamp a r e  s e v e ra l  times 
more in te n s e  under o rd in a ry  o p e ra t in g  c o n d i t io n s .  The combined i n t e n s i t y  
o f  th e  two resonance  l i n e s  shows a maximum a t  a te m p era tu re  o f  lpO°C, 
co rresp o n d in g  to  a vapour p re s s u re  of 1 .2  x 10"^ mra. j^g, which i s  o f  th e  
same order o f  magnitude a s  i n  th e  case  o f  po ta ss ium . The i n t e n s i t y  peak 
i s  more pronounced in  th e  case o f  rub id ium , i n d i c a t i n g  a g r e a t e r  e f f e c t  
o f  vapour p re s s u re  on th e  c o n d i t io n s  o f  th e  d i s c h a r g e .  The rubidium  
i n t e n s i t i e s  dec re ase  very  r a p id ly  below th e  te m p era tu re  o f  110°C; th a t  i s ,  
f o r  vapour p re s su re  l e s s  th a n  2*7 x 10”^ mm. Hg. B e l l ,  Bloom, and Lynch 
(1961) a t t r i b u t e  t h i s  behav iour  to  a c o m p e ti t io n  between a rgon  and rubidium 
d is c h a rg e s  w ith  the r e s u l t  t h a t ,  n ea r  t h i s  c r i t i c a l  vapour p r e s s u r e ,  the 
e m is s io n  i s  predom inantly  due to  e i t h e r  a rgon  or rub id ium  atoms.
( i i )  Half-W idths o f  the  Re sonance Lines
The h a l f -w id th s  and , in  th e  case  of the  Osram lamp, the  s e p a ra t io n  
o f  th e  s e l f - r e v e r s a l  peaks ,  were o b ta ined  from the  F ab ry -F ero t  p a t t e r n s .  
Fhotographa and the  co rrespond ing  microphotom eter t r a c e s  o f  ty p i c a l  
f r in g e  p a t t e r n s  a re  shown i n  F igure  (2 2 ) ,  Numerical v a lu e s  a r e  g iv en  in  
Tables (10) and (11) and a re  p lo t t e d  i n  F igu res  (2 5 ) and (2 4 ) .  The h a l f ­
w id th  o f  th e  7800 8 l i n e  em itted  by the  Osram lamp v a r i e s  from O.5 I cm.*^ 
to  ^.O cm.“  ^ i n  the  range 0 .6  t o  I .5  am peres. The r a t e  o f  in c re a s e  of
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Table (9)
R elative Integrated I n te n s it ie s  of Resonance Lines 
emitted by the Rubidium Lamps.
Arbitrary Units
Osram Lamp New Radiofrequency Lamp
O p era tin g
C urren t
Amps*
I n t e n s i ty
of 7800 X 
Line
I n t e n s i t y  
of 7948 I  
Line
O pera ting  
Temp.
°C.
I n t e n s i t y  
of 7800 A
Line
I n t e n s i t y  
o f  7948 X 
Line
0 .6 17 15 70 7 6
0 .7 15 11 80 7 6
0 .8 15 10 90 9 7
0 .9 12 8 100 12 9
1 .0 12 8 110 78 69
1 .1 14 10 120 77 70
1 .2 18 12 150 77 71
1 .5 24 16 l4o 75 71
1 .4 55 21 150 72 69
1-5 59 25 160 69 65
1 .6 44 28 170 66 62
1.7 48 51 180 64 59
1 .8 55 54 190 61 55
1.9 57 58 200 58 50
2 .0 58 42 210 57 48
V arian  Lamp
7 8 0 0  X Line: 7 °  
7 9 4 0  X Line: 40
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RF LAMP TEMPERATURE (°C)
7 0 1109 0 130 150 170 190 210
 7 8 0 0  A
—  7 9 4 8  &
RF LAMP
VARIAN
LAMP
O S R A M  LAMP
~o
*-
0.6 1.0 1.20.8 1.4 1 .6 1.8 2.0
OSRAM LAMP CURRENT (AMPS.)
Figure  (21) I n te g r a te d  I n t e n s i t i e s ,  in  A rb i t r a ry  Unit a, of the Resonance 
Lines Emitted by the  Rubidium Lamps.
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CM, ■*
Osram Rubidium Lamp Operated a t  o.9  ampere, 7948 X Component.
S p ec tra l  Range: 2 .5 1  cm.*"7
Oeram Rubidium Lamp Operated a t  l . J  amperes, 78OO X Component.sra i i
Figure (22) Photographs of Fringe Fattem s and I'iicrophotometer Traces 
fo r  the Resonance Lines Emitted by the  Osram Rubidium Lamp.
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T able  (1 0 )
Half-Widtha, and S e p a ra t io n s  o f  the  S e lf -R e v e r s a l  Maxima 
i n  th e  Rubidium jQOoh Component
Osram Lamp New Radiofrequency Lamp
O pera ting H a lf - S ep ar .  of O pera ting H a lf -
C urren t Width Maxima Temp. Width
Amps. cm .- l cm .- l oC. c m .- l
0 .6 0 .5 0 8 100 O.565
non­
0 .7 0 .6 0 5 110 0 .587
s e l f -
0 .8 0 ,6 7 2 120 0 .582
r e v e rse d .
0 .9 0 .779 150 O.558
1 .0 0 .959 0.407 140 0.579
1 .1 1.17 0.519 150 0.579
1 .2 I .6 5 0 .644 160 0 .565
1 .5 2 .15 O.855 170 0 .582
1 .4 2.71 0.989 180 O.585
1 .5 2.99 1.04 190 0.407
1 .6 5 .1 8 1 .0 6 200 0 .594
1.7 5 .5 0 1 .2 2 210 0.450
V arian  Lamp
HaIf-W idth: O.2 6 5 cm.“ l
The rad io freq u en cy  lamps do not produce s e l f - r e v e r s e d  l in e s *
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T a b le  ( 1 1 )
Half-Widths, and S e p a ra t io n s  o f  the  S e lf -K e v e rs a l  Maxima 
i n  th e  Rubidium 7948$ Component
Osram Lamp New Radiofrequency Lamp
O pera ting H a l f - S epar .  of O pera ting H alf-
C urren t Width Maxima Temp. Width
Amps. c m .- l cm .- l oc. cm.“ l
0 .6 0 .457 100 0.548non-
0 .7 0 .468 110 O.56 I
a e l f -
0 .6 0 .545 120 O.566
0 .9 0.644
rev e rsed
150 0.515
1.0 0 .717 140 0.571
1.1 0.864 0 .405 150 O.567
1 .2 1.22 0 .458 160 0.575
1.5 1 .48 0 .608 170 0.395
1.4 1 .6 0 0 .7 2 2 180 0 .400
1-5 1.95 0 .975 190 0 .384
1.6 2 .4 0 1.11 200 0 .408
1.7 2.88 I .1 5 210 0.451
V arian Lamp
H alf-W id th : O.2 6 5  cm.“ l
The ra d io f re q u e n c y  lamps do not produce s e l f - r e v e r s e d  l in e s *
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OSRAM LAMP CURRENT (AMPS.)
0.8C hn. 2.0
3 . 2 -
2.8  -
2 . 4 -
2.0 1.2
1.6 —
<■ OSRAM LAMP
- e — —o
0 .8 -
0 .4 -
RF LAMP
VARIAN  LAMP
7 0 9 0 1 1 0 170130 150 190 210
RF LAMP TEMPERATURE (°C)
Figure  (25) Half-W idths , and S ep a ra t io n s  of S e l f -n e v e re a l  Maxima, S 
f o r  th e  Rubidium 7^00 X Component.
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OSRAM L.AMPCURRENT (AMPS.) 
0.8 1.0 1.2 1.4cm. 2.0
3 . 2 -
~  1.6
2 .0 _
OSRAM LAMP
-  0,8
- 0 . 4
O S
0 .4 - •  m • —
RF LAMtP
VARIAN LAMP
7 0 9 0 110 130 150 170 1 9 0  2.10
RF LAMP T E M P E R A T U R E  (°C)
Figure (24) l ial f-Widtho, AV, and S e p a ra t io n s  of S e l f -R e v e r s a l  Maxima, W,
0
fo r  the  Rubidium 79^8 A Component.
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th e  h a l f - w id th  i s  g r e a t e r  f o r  o p e ra t in g  c u r r e n t s  exceeding  1 .1  amperes, 
which i s  a l s o  the r e g io n  of ra p id  in c re a s e  i n  in t e g r a te d  i n t e n s i t y .  The 
co rrespond ing  v a r i a t i o n  f o r  th e  7948 % component i s  0 .4 6  c m . '1 to  2 .0  c m . '1. 
The h a l f -w id th s  of the  l i n e s  em it ted  by th e  new ra d io f re q u e n c y  lamp a re  
ve ry  much s m a l le r ,  and a r e  l e s s  th a n  0 .4 0  cm ."1 f o r  b o th  components when 
th e  o p e ra t in g  te m p era tu re  i s  l e s s  th a n  200°0, co rrespond ing  to  a vapour
A
p re s su re  of *>.80 x 10 mm. Hg. Above t h i s  tem p era tu re  a d e f i n i t e  i n ­
c re a se  i n  h a l f - w id th  o c c u r s ,  and i t  may bo seen from  th e  da ta  g iv en  in  
T ab le  (2 )  t h a t  t h i s  in c r e a s e  i s  a r e s u l t  o f  s e l f - p r e s s u r e  b ro ad en in g .  I t  
shou ld  a l so  be noted  t h a t  a d ecrease  i n  th e  h a l f -w id th s  of approx im ate ly  
15% occurred c o n s i s t e n t l y  a t  a te m p era tu re  o f  130°C, which i s  th e  c o n d i t io n  
f o r  maximum in t e g r a te d  i n t e n s i t y .  The h a l f -w id th s  o f  th e  resonance  l i n e s  
e m it te d  by th e  V arian  rubid ium  lamp were found t o  be l e s s  th a n  O.JO cm.”*. 
This sm all  h a l f -w id th  may be due to  th e  use  o f  a k ry p to n  c a r r i e r  gas ,  
which provides  an  in te n s e  and s t a b l e  d is c h a rg e  a t  th e  low o p e ra t in g  
te m p era tu re  o f  90°0 .  I n  a d d i t i o n ,  th e  h y p e r f in e  s t r u c t u r e  components 
o f  rub id ium  ?7» which a r e  a t  th e  extreme edges of the  s p e c t r a l  l i n e s ,  
appear to  be l e s s  in t e n s e  i n  th e  l in e s  e m it te d  by th e  V arian  lamp, 
i n d i c a t i n g  a d i f f e r e n c e  in  th e  r e l a t i v e  abundances o f  th e  rubidium 
is o to p e s  in  th e  lamps. However, th e  h y p e r f in e  s t r u c t u r e  components a re  
no t  s u f f i c i e n t l y  re s o lv e d  to  de term ine  a c c u r a te ly  t h e i r  i n t e n s i t y  r a t i o s .
( i i i )  Feak I n t e n s i t i e s
C a lc u la t io n s  c o n n ec t in g  peak i n t e n s i t i e s ,  i n t e g r a te d  i n t e n s i t i e s ,  
and h a l f -w id th s  have been c a r r i e d  ou t .  The r a t i o s  o f  th e  peak i n t e n s i t i e s  
were determ ined from th e  r a t i o s  o f  th e  s iz e s  o f  th e  a p e r t u r e s  i n  the  l i g h t  
beam when photographing th e  f r i n g e s .  The d e n s i t i e s  o f  th e  photographed 
f r i n g e s  i n d i c a t e  t h a t  th e  peak i n t e n s i t i e s  of th e  l i n e s  e m it te d  by the
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new rad io fre q u en cy  lamp a r e  g r e a te r  by a f a c t o r  of 8 th an  th o a e  o f  th e  
Osram lamp opera ted  a t  1»5 amperes. The co rrespond ing  in t e g r a te d  i n t e n s i t i e s  
a r e  i n  th e  r a t i o  2 : 1. Assuming a r e c t a n g u la r  l i n e  shape, th e  r a t i o  of 
th e  w id ths  is  1 : 4 .  However, i n  t h i s  c a se ,  th e  peak i n t e n s i t y  of th e  
l i n e s  em itted  by the  Osram lamp d en o tes  th e  i n t e n s i t y  o f  th e  s e l f - r e v e r s a l  
peaka. The r e d u c t io n  o f  i n t e n s i t y  i n  th e  centre  o f  th e  l i n e  i s  compensated 
f o r  by a g r e a t e r  w idth; th e  exp er im en ta l  v a lu es  o f  the  h a l f -w id th s  a re  i n  
th e  r a t i o  1 s 6 .5 ,  u s in g  th e  average  h a l f -w id th  o f  th e  l i n e s  produced by 
th e  Osram lamp w ith  a n  o p e ra t in g  c u r r e n t  of 1 .5  ampere. The shapes o f  
th e s e  l i n e s  and th e  co rrespond ing  shapes of th e  potassium  l i n e s  em itted  
by th e  rad io fre q u en cy  and Osram lamps a re  shown i n  F igure  (2 5 ) .
( i v ) Se1f -R e v e rse 1
The r a t i o s  o f  th e  s e l f - r e v e r s a l  peak i n t e n s i t i e s  t o  those  o f  th e  
c e n t r a l  minima a re  g iv e n  i n  Table (12) and p lo t t e d  i n  F igure  (26) f o r  the  
rubidium  resonance l i n e s  ob ta ined  from th e  Osram lamp. S e l f - r e v e r s a l  
appears  when th e  lamp c u r r e n t  i s  in c reased  to  1 .0  ampere, and the  degree  
o f  s e l f - r e v e r s a l  in c re a s e s  r a p id ly  w ith  c u r r e n t ;  w ith  a n  o p e ra t in g  
c u r r e n t  o f  1 .4  amperes th e  c e n t r a l  minima have only  2 /5  th e  i n t e n s i t y  of 
the  s id e  maxima. The resonance l i n e s  em itted  by th e  new rad io frequency  
lamp d id  no t e x h i b i t  complete s e l f - r e v e r s a l ,  b u t  each h y p e r f in e  s t r u c t u r e  
component showed s l i g h t  s e l f - r e v e r s a l  when th e  lamp was opera ted  a t  h ig h e r  
t e m p e ra tu re s .  The m icrophotom eter t r a c e s  i n  F igu re  (27) show s e l f ­
r e v e r s a l  i n  some o f  th e  components. The V arian  lamp em its  hyp erf in e  
components w ith  sharp  c e n t r a l  peaks because o f  i t s  low o p e ra t in g  tem per­
a t u r e .
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R adio frequency-exc ited  
Fotassium  Line
Osram
—Osram Fotassium Line
K—^  ! 0 .1 6  cm -1
> 1
- ?i 0.5^ cm."^
Os ram
R adio frequency-excited  
Rubidium Line
Osram Rubidium Line
Osram
0 .4  cm
2 ,5  cm
Figure  (2 5 ) Approximate Shapes o f  th e  Fotassium and Rubidium S p ec tra l  
Lines Froduced under T yp ica l O pera ting  C o n d it io n s .
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Table (12)
R atio s  o f  I n t e n s i t i e s  o f  3 e l f -R e v e r s a l  Feaks t o  C e n t ra l  Minima
Osram Rubidium Lamp
O pera ting
C urren t
Amps.
Iraax 
l(fc) 
7800 A 
Line
I  max
1 , t o .7948 A 
Line
1 .0 1 .14
1.1 1 .2 2 1.17
1.2 1.51 1 .29
1.5 1 .45 I .5 8
1 .4 1 .5 8 1.55
1 .5 1 .6 5 1.55
1 .6 1 .68 1.89
1 .7 1-75 1.65
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6 7
f max
I i V o )  
1.7
1.6
1.5 
1.4
1.3
1.2 
1 .1  
1.0
F ig u re  (26) R a tio s  of I n t e n s i t i e s  o f  S e lf -R e v e r sa l  Feaks to  C e n t ra l  Minima; 
Oaram Rubidium Lamp.
UNIVERSITY OF WINDSOR LIBRARY
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(v )  H yperfine S t ru c tu re
The h y p e rf in e  s t r u c t u r e  due to  the  ground B ta te  s p l i t t i n g  in  
the  rubidium  iso to p e s  was poorly re so lv e d  i n  th e  l i n e s  produced by the  
Osram lamp o p e ra t in g  a t  c u r re n ts  o f  l e s s  than  one ampere, as shown i n  
F igure (2 2 ) .  As th e  c u r re n t  i s  in c re a s e d ,  each h y p e rf in e  component 
broadens and becomes s e l f - r e v e r s e d  r a p id ly ,  and th e  components a re  not 
re so lv e d .
The ground s t a t e  s p l i t t i n g  could be observed th roughou t th e
tem p era tu re  range o f  th e  rad io fre q u en cy  lamp. The s e p a r a t io n  between
th e  components f o r  each  iso to p e  was measured a t  10°G i n t e r v a l s .  The
va lu es  o b ta in ed  were:
Rb*5 : 0 .0 9 4 ± 0 .0 0 1  cm.-1 
Rb?? : 0 .2 5 1 ±  0 .002 c m . '1
The e r r o r s  g iv en  a re  th e  probable e r r o r s  i n  th e  d e te rm in a t io n s .  The
p re c i s e  v a lu e s  a re  o b ta in ed  by the  methods of rad io f re q u en cy  spectroscopy
and a re :
RbW : 0.1011 cm.-1
(Ochs and Kusch, 1952)
Rbf 7: 0 .2278 cm."1
The v a lu e s  obta ined i n  t h i s  i n v e s t i g a t i o n  d i f f e r  by and l . k %  r e s p e c t iv e l y .
I t  was observed th a t  th e  m idpoint of th e  rubid ium  85 components 
s h i f t e d  to  a lower f req u en cy ,w ith  r e s p e c t  to  the  m idpoint o f  th e  rubidium 
87 components, as  the  rubidium  vapour p ressu re  was in c re a s e d .  The s h i f t  
was approx im ate ly  p ro p o r t io n a l  to  tem pera tu re  and was O.OOO87 cm ."1/  °0 .
In  F igure  (27) th e  rubidium  85 components have s h i f t e d  to  a lower frequency 
in  th e  78OO A l i n e ,  but in  th e  7948 A l i n e  a re  a t  a h ig h e r  f requency  than 
th e  m idpoint o f  the  rubidium  87 components. The v a lu e s  o f  th e  s h i f t  a re  
g iv e n  in  Table (15) a^d p lo t te d  in  F igu re  (28).
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O rig in s  o f  L in e s :
«7
Rb Components
R ep ara tio n :  0 .228  cm.- *
Rb Components 
Separation: 0.101 cm.
Figure (27a) Fhotograph of Fringe Fattern and Microphotometer Traoe 
of the Rubidium 7^00 X Component emitted by the Radio­
frequency Lamp.
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O r ig in s  o f  L in e s :
n
Rb Components 
Separation: 0 .228  cm."^
Rb*^  Components 
Separation: 0 .101  cm.- *
Figure (27b) Photograph o f  Fringe F attern  and Microphotometer Trace 
o f the Rubidium A Gomponent Emitted by th e  Radio­
frequency Lamp.
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T ab le  (1 ^ )
P o s i t i o n  of th e  Midpoint o f  the  Rubidium 85 H yperfine  S t r u c tu r e  Components 
R e la t iv e  to  th e  Midpoint o f  the  Rubidium 8J  H yperf ine  S t r u c tu r e  Components
O pera ting
Temp.
°0 .
F o s i t io n  of 
78OO t  Line 
cm."-'-
F o s i t i o n  o f  
7948 X Line 
cm."^
110 +0 .0 5 2 8 +0.0514
120 + 0.0179 +0 .0 5 0 0
150 +0.0115 +0.0241
l4 o •+0 .0 0 0 5 +0 .0 2 0 5
150 + 0 .0152 +0.0207
180 - 0 .0 1 2 1 + 0.0118
170 -0.0255 + 0 .0084
180 -0 .0 5 2 9 + O.OO65
190 -0 .0455 -0 .0 1 4 7
200 -0 .0480 -C.O5OO
210 - 0 .0 5 1 0 -0 .0 4 0 0
220 -O.O58O -0.0570
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F ig u re  (28) F o s i t i o n  o f  The M idpoint o f  th e  Rubidium 85 H yperf ine  S t r u c tu r e  Components R e l a t i v e  
t o  th e  M idpoint o f  th e  Rubidium 87  H yperf ine  S t r u c t u r e  Components.
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O rig ins  of L in e s :
.  #7Rb Components 
Separation: 0 .228  cm.- ^
Rb Components 
Separation: 0 .101 cm.- '*’
F igure  (29 )  Fhotograph o f F ringe  F a t t e r n  and K icrophotom eter Trace 
o f  th e  Rubidium 79^8 A Component Em itted  by th e  V arian  
Radiofrequency Lamp.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
74
The Broadening of th e  Pot333ium and Hubidium Hesonance Lines
The th e o ry  of s e l f - a b s o r p t i o n  p resen ted  in  Chpater I I  in d ic a te s  
t h a t  the  square o f  th e  s e p a r a t io n  of th e  s e l f - r e v e r s a l  peaks should  vary 
e i t h e r  l i n e a r l y  o r  lo g a r i th m ic a l ly  w ith  th e  a b s o rp t io n  parameter when the  
only non-con3tan t broaden ing  f a c t o r  i s  s e l f - a b s o r p t i o n .  I f  th e  square  of 
th e  peak s e p a ra t io n s  i s  p lo t t e d  a g a in s t  th e  a b s o rp t io n  param eter ,  the 
s lo p e  o f  th e  curve i s  determ ined by th e  h a l f -w id th  of th e  non-abaorbed 
s p e c t r a l  l i n e .
In  the  case  of th e  Osram lamps, such curvea were p lo t t e d .  I t  
was found th a t  th e  v a r i a t i o n  o f  th e  square  o f  the  peak s e p a ra t io n s  w ith  
a b s o r p t io n  param eter waa more rap id  th e n  the  l i n e a r  or lo g a r i th m ic  v a r ­
i a t i o n .  This in d ic a te s  t h a t  the  h a lf -w id th 9  o f  th e  unabsorbed l i n e s  were 
in c re a s in g  as the  o p e ra t in g  c u r re n t  o f  th e  lamps was in c re a s e d .  Doppler 
and S ta rk  b roaden ing  a re  th e  probab le  causes of t h i a  e f f e c t ,  s in c e  an 
in c r e a s e  i n  o p e ra t in g  c u r r e n t  of th e  lamp brings  about an in c r e a s e  i n  the
te m p era tu re  of the  vapour and in  th e  c o n c e n t r a t io n  of the  io n a .
A p lo t  of th e  experim en ta l  v a lu e s  of th e  squares o f  th e  peak
s e p a ra t io n s  and th e  a b s o r p t io n  param eters  i s  shown in  F igure (30) f o r
th e  rad io fre q u en cy  potassium  lamp. Curves showing a lo g a r i th m ic  and a 
l i n e a r  v a r i a t i o n  have been drawn, assuming th e  ha I f -w id th s  of the  un­
absorbed l i n e s  to  be 0 .11 cm.” * and 0 .0 7 5  cm.” * f o r  the  7665  X and 1699 X 
l i n e a  r e s p e c t iv e l y .  The a c tu a l  form o f th e  v a r i a t i o n  cannot be determ ined 
w ith  c e r t a i n t y ,  s in c e  th e  re g io n  of g r e a t e s t  d iv e rg en ce  o f  th e  two types  of 
cu rves  l i e s  beyond the  range  of ex p er im en ta l  v a lu e s .  The experim en ta l 
p o in t s  appea r  to  g ive  th e  b es t  f i t  f o r  th e  l i n e a r  v a r i a t i o n ,  which 
in d i c a t e s  t h a t  the  d i s t r i b u t i o n  f u n c t io n  i s  of the  resonance ty p e .
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( c r n T ^ )
0 .0 1 6
0 .0 1 4
0.012
7 6 6 5 X0 . 0 1 0
0 . 0 0 8
0 . 0 0 6
0 . 0 0 4
7 699.X
0.002
1.0 1.2 1.4 1.6 1.8 2.0  2.2 2.4
ABSORPTION PARAMETER P
Figure (JO) F lo t  of th e  Square of S e lf -R e v e rsa l  Feak S e p a ra t io n s  v l .
A bsorp tion  Faram eter i n  th e  Radiofrequency Fotaaaium Lamp.
The s o l id  cu rves  show l i n e a r  and lo g a r i th m ic  v a r i a t i o n s .
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However, the  downward cu rv a tu r e s  f o r  smal l  va lues  of th e  a b s o r p t i o n  
p a ram e te r ,  i n d i c a t e d  by the  dashed l i n e s ,  may be a t t r i b u t e d  to  the  
i n f l u e n c e  of  a Doppler  d i s t r i b u t i o n  (Cowan and Dieke,  19^8).
The resonance d i s t r i b u t i o n  i s  preserved under c o l l i s i o n  broad­
e n i n g ,  and th e  b roaden ing  due . to the  p resence  of e rg o n  would be n e a r l y  
c o n s t a n t  th roughout the range of  o p e r a t i n g  c o n d i t i o n s .  The h a l f -w id th 9  
o f  the  s p e c t r a l  l ine3  might be l a r g e r  t h a n  the c a l c u l a t e d  v a l u e s ,  9 ince 
f o r  r e l a t i v e l y  low p re s s u re s  of a rg o n ,  aa used i n  the  r ad io f re q u en cy  lamp, 
th e  h a l f - w i d t h  does not  d ec re a se  aa r a p i d l y  as i s  i n d i c a t e d  by the Loren tz  
th e o ry ,  which was used i n  de te rm in ing  the  exp e r im en ta l  va lues  of  the 
o p t i c a l  c o l l i s i o n  d ia m e te rs  (Ch 'en  and Takeo, 1957)* Doppler  broadening 
a l s o  might be l a r g e r  than  th e  c a l c u l a t e d  v a lu e ,  s i n c e  the  tempe-rature of 
the  vapour i9 not  a c c u r a t e l y  known; the  motion of  th e  p a r t i c l e s  i n  the  
r a d io f r e q u e n c y  f i e l d  might well  produce p a r t i c l e  v e l o c i t i e s  much g r e a t e r  
th a n  t h e i r  the rm al v e l o c i t i e s .  S t a r k  broadening  due to  a r g o n  ions should 
be c o n s id e re d .  This e f f e c t  would be n e a r l y  c o n s t a n t ,  as  i s  t h e  d e n s i t y  
o f  th e  argon  i n  the  lamp.
Resonance broadening due to  s e l f - p r e s s u r e  should not appear  
u n t i l  the vapour  p re s su re  reaches  0 .1  mm. Hg, a c c o rd in g  to  the c a l c u l a t e d  
v a l u e s .  For po ta ss ium,  t h i s  occura a t  a tem pera tu re  of  270°C, which was 
no t  a t t a i n e d .  The vapour p re s su re  o f  rubidium reaches  t h i s  v a lu e  a t  the  
h i g h e r  o p e r a t i n g  t e m p e r a t u r e s  of  t h e  r a d io f re q u e n c y  lamp, where a more 
r a p i d  i n c re a s e  o f  h a l f - w i d t h s  was obse rved .
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S ev e ra l  of th e  p ro p e r t ie s  o f  Osram lam ps, o f  th e  new r a d io -  
frequoncy lamp, and o f  th e  Varian r a d io f re q u e n c y  lamp were in v e s t ig a t e d .  
Measurementa o f  the peak i n t e n s i t i e s ,  th e  in t e g r a t e d  i n t e n s i t i e s , the 
h a l f - w id th a ,  and the degrees  of s e l f - r e v e r s a l  were c a r r ie d  out f o r  the 
resonance l i n e s  of po tass ium  and rubid ium  em itted  by th e s e  lamps.
I t  was found t h a t  the  ra d io f re q u en cy  lamps em it resonance l i n e s  
whose in t e g r a te d  i n t e n s i t i e s  a re  tw ice  as  l a rg e  as  those  em itted  by the  
Osram lamps a t  t h e i r  recommended o p e ra t in g  c u r r e n t s .  In  th e  case  o f  
potassium , the  new rad io freq u en cy  lamp produces n o n - s e l f - r e v e r s e d  resonance 
l i n e s  w ith  peak i n t e n s i t i e s  g r e a te r  by a f a c t o r  o f  fo u r  and h a l f -w id th s  
sm a l le r  by a f a c t o r  o f  two than  th e  Osram lamp. In  the  case  o f  rubidium , 
th e  rad io fre q u en cy  lamps emit resonance  l i n e s  w ith  peak i n t e n s i t i e s  
g r e a t e r  by a f a c t o r  o f  e ig h t  and h a l f -w id th s  s m a l le r  by a f a c t o r  o f  s ix ,  
w ith  re so lv ed  h y p e rf in e  s t r u c t u r e  s p l i t t i n g  of th e  ground s t a t e s  i n  
rub id ium  85  and rubidium  8 7 . The h y p e r f in e  components of rubidium  85 
were found to  s h i f t . t o  lower f re q u e n c ie s  r e l a t i v e  to  th e  components of 
rub id ium  87 as the  rubidium  vapour p re s su re  in c re a s e d .  This s h i f t  was 
app rox im ate ly  p ro p o r t io n a l  to  th e  te m p era tu re  which c o n t ro l le d  th e  vapour 
p r e s s u r e ,  and amounted to  0 .0 0 0 9  cm. * per  °0 .
F u r th e r  improvement i n  th e  q u a l i t y  of rad io f re q u en cy  sources  
m ight be a t t a in e d  by c o n f in in g  the d is c h a rg e  to  a t h i n  sh ee t  as  i n  the 
Houtermonns1 lamp, and by th e rm a lly  i n s u l a t i n g  th e  d isc h a rg e  tu b e .  I t  
might be w orthw hile  to  in v e s t i g a t e  th e  behav iour o f  such lamps employing 
o th e r  c a r r i e r  gases  aa w e ll  as a rgon.
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I t  oeetna c e r t a i n  t h a t  the  ra d io f re q u e n c y -e x c i te d  a l k a l i  
s p e c t r a l  lamps a re  very much s u p e r io r  to  any commercially a v a i l a b l e  
s p e c t r a l  lamps f o r  th e  purpose o f  e x c i t i n g  resonance f lu o re sc e n c e  i n  
a l k a l i  vap o u rs .
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VITA AUCTORIS
19^1 -  'born i n  W heatley, O n ta r io  on October 21.
195^-1959 “ a t te n d e d  M erlin  D i s t r i c t  High School, M erlin ,  O ntario ,  
o b ta in in g  S en io r  M a tr i c u la t io n .
1965 -  ob ta ined  the  degree o f  B achelor o f  Sc ience , Honours F h y s ic s ,  
from Assumption U n iv e r s i ty  o f  Windsor.
1965  -  en te red  th e  F acu l ty  o f  Graduate S tud ies  o f  th e  U n iv e rs i ty  of 
Windsor, proceeding toward the  degree  of M aster of Science i n  
F h y s ics .
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